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PERIODIC:TY IN THE STRUCTURE CF THE ELECTRON ENVELOPES f 


“COMMUNICATION 1, PERIOD. SYSTEM OF ELEMENTS AMD CONNECTION 


WITH THE THEORS OF NUMPERS AND wai Paz CAL 


1, Intreduction 


Ir fs most tatinstely bourd up with the theory of atoms sturtee, the sysein of the 
from {t consists tn the of atoins acco tothe of Tue electovve 
thecry of s:omic structure ard valercy could have developed, can ot 29 the 
and cctermining partic ‘pation of the lew the sysism, The ¢.esticr of the sz of th 
periodte sys:em of the elemerts his bees the sul ect of which we kave to 


series of [1.2.3] in these we Lave coustdered, 2 conetse but soffte 


detailed 
fashion, the facts and prite!ples that musi find express’o1 modem scheme of the system of elements tn the 
present paper, in our of the scuctuce of the sycem acritved th’s wiv. we shal! coifire 
Ourtelves to sech expos‘rion of the ts tecessacy for tie comp ehe-sion of 2 trestiment wich we 
further light on the system by the use of theory and po ys'coctem'cal a~alys's. 


The use of mathemit‘cs meats cf data bwexpecurert, wh'sh ‘s $0 
of modern chemiry, coes “ot replace “esi prysccchem rol objects by sus, abstract ms them concepts, 


The object in cur tr ferences here, and ‘- of thst of the phase rile; wich are 
concerned with defintze Ps. ‘sto repese: {5212 Chse-wee by chemicis by 
models. and to with the a‘d of the lscg ace of mathematics quite ths: the system- 
atization and of knows facts with the a‘d of matheivat cal terns ard method and ot lesd 
to smything more thaa that wh'ch expe:imert yletes to the 


2. Structure of the Pe-tcd’c System of the Elerencs 


The of the system of tre elements a) a zecs acd 2e< of 
elements; b) of the system evea and odd avd cycics, witch expess a per 
fodicity; c) an evolut’onary rep ese tation of the rat.ze of the elemerts typ’cal elements -> 
€lements “of complete structure”). In Fig 1.8 stepw'se of the sysem ‘sgives th’s the spcts 
represent elements of the even peslods ard circles represent thowe of the odd The 
the periods and ‘m the cycles, each of which cors‘sts of a pa‘> by an ever and ar odd g’ven be.ow 
the diagam. The sysiem complete up to certivm (z = 1005. The sume cus be expressed by of a 
of cells (Fig. 2). The line vepresents sty, the cell occupied by hyd-ogen vests sim 
celis of groups Land V im the left pat of the dug-tin the and cycles given; and below the Jes 
and lanthanides are The deta‘ied de.:vat'on of them te pes of the system, as £555 the 
relating to the neces ty of the electron and the (r) ‘nto the sycem, isrotg eeabee (ee 
(2}). We will add that ‘n the table tn Fig 2 atem!c we'p nts ace acd the recently discovered elewests 
Athentum (Aa) are Ceathun (Ct) are included (a5 also !n Fig 1, The od sheli compicted at elemert 


Paper read at a confetace held Moscow ta December, 1950. of the fourdtog 30 ses 
previoudy, of the D..Me-deleev wastitute of Chem’‘cal 
Scaborg proposes to call ehahafs'um [3}. 
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Fig. 1. Stepwise representation of the system 


: 

and at the end of the system ts an atom of the inert-gas type belonging to the zero group, which it would be ort 
correct to call ekaracon (EkaPn), Altogether, there are 18 elements that have not been discovered: from cent-_ 
tum (100) to exaradon (118), There can be no doubt that in their preparation, as also in thelr investigation, Mem 
dcleev's law will play the came leading part as it has played up the present, 


3. Perlodicity of the Propert 


les of the Flements, and the Theory of Numbers 

no doubt that tt ts tn the theory of rambers that we tual the heat way of describing the pertudie 
=e Mathersatical for this branch of mathemaucs concerns tiself with discuntiznaous 

Mendelcey polated this out nicre tun half a century ago (5), there have been no syste wate 

Stteinpts to apply the thecry of ta chembtsy, 
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D. 1. MENDELEEV'S PERIODIC SYSTEM OF THE ELEMENTS 
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Fig. 2. 


The use of mathematics in chemistry bs possible on account of the cor-eJation principle, which estab] ‘shes the 
currespoudence of mathemat'‘cal forms aad the: tansformations with physicochemical objects and the changes thst they 


undergo, Therefore, we shall estab!tsh corresponding chem'cal ard mathemat'cal ce cepts for 


Kurnakov (6), in writing that “the law of constant and imvvlt'ple proportions ts an applica. oon of the study of wrote nvm: 
bers to chemiary®, shared the views of umme> (7) accord-rg to “cheirtstry and the theory of «bers os 
thelr principle “although tn diffe tapheres of activity — the sane concep of rpos' tton®, Compost'or heir 


ag 
| | 
t 
7 ‘ x | Fr Ra | 
Bie 
ACTINIDES 
4,0 | ames] | Cus) wl} 


with the acd of the comept of vont, and an clement fs a form of to which a deflatte 
ta Merdeleey's system: coespo ds, This defintston ts in coraplete acce.d with that proposed by Ked: ov (3): 
__elercent {ga spectes of atoms that occupy one definite place in Mendeleev's sy.tem*, 


~ In the sysxem, the cell, whitch is denoted by a sertal number (the atomic or Mendeleev number), is the ele- 
ment’s “passport*, chacactertzing (ts tnd'vidval nature, Tins, to the number in there isa cor- 
Tespond'ng concept !n chem'sry of atomic, of cell number, 


Among 3] the kinds of pertodic telationsh<ps ta chein!szy, the most perfect and all-embzacing is the system 

of elements, Can there be among the various mathematical functions one that could cxpzess the extremely high 

degree of o-gamtzation and tntercelatton ship of quantities, that would have a dual character, expressing 
“te the tarecactiot of these quanilttes and the urty of thelr oppesiity that would be constructed 
on the bas's of the concept, not in the sense of simple tepettuvity, but a concept of perlod'e! ty in its 
€vol.tion at ever higher acd higher-lewels, although tn the form of an abstraction “a form that expresses In itecl f 
the ftom quastity to funct:on that itelf determines the composition of the groupings that 
arise? 


Number theory enables us to give an atswer to this question, Let us suppose that we have the natural series of 
integers from 1 ta 129 (the basis for the upper limit will be given Later): 


4’, 3. 4, 5, 6, es 120, 


In this series pacticuias sets og Mumberg tow various forms of veriodiclty, as may be wen, for for 
the numbers. the repetitivity may vary greatly, Which of the poutble solutfons corresponds to the ertterla 
adove? We may first of alPelimiute the varlaat of s!mple mechanical repetvion, for the main requisement 
is the of repetition that mxcludes tn tiself evolution, Le., that continual’y passes to a higher and higher 
level This requsement cormesponds to the next in order of reducing simplicity after the natural series: the series 
of scuaces of evea numbers, 4, 16, 36, 64... We thea have a periodicity of defined number 
cycles, which grow regetaly as we move from the heginning of the series, thus satisfyiag the requirement — 
above. 


The solczton would remata complete if if tne corice pt so important from the point of 
wiew, weve nstexpresed in Acrerding to the theory of numbers [9] every integer has at least two factors: 
itself and unity, A cumbe: having ocly two fscters ts prine, and one having more factors ls composite, In the nat- 
seties OF numbers 4 ts the first ard simplest composite rumber, Hence, the question of the co:nposizicn of 
roupiags of murders ceveloping cyclically in the nrtural series 1s equivalent to the question of repetitivity, in 
with rule, of the surplest compestte number, Le., four, both as a beg aad asa bacls, It has 3 sim- 
pie and solution, for the sets of givea above consist in an n*-cimes repetition ef four, Iv fact, 
every one of them isexp-esed by the fm where nis the number of the given grouping cotatned by 
count'rg o.de: fom tie beg nung of the Thus, the of numbe's contain: growing cycles, 
each having S members ard coafovinirg to an extremely simple express‘on, which !s not equivalent tc other axioms, 
or theorems, wh'cd intimately bound up with the mathematical concept of composition, namely: 


$= 


by g:ving valves 1, 2, 3, 4 we find Sbecores 3, 16, 36, 64. This expression ts and is in 
accord with the eziterton of evecness and, in fact, dualtty, 


The be by the cond:tton stating that if the of the systema ts four, thea its namber 
of terms {s also four, We then obta‘n a sysem of romberss 


417 44-27 44-2 44-48 120, 


The evenness and dial chavacte: of tris system perm:t us to break down cach cycie Into two halves’ We have 
an analogo.s ‘na wave, which ‘s compused of two half-waves, We shall call them number periods, Accord-. 
ing to the nuinbe: of numbers 'n the pez‘ods combine pais ‘ato be 


2, 8, 8, 18, 18, 32, 32, 


The system ation, the: efocn, forms two number “says of ard odd (ace 
cording to tne se-ta; number of the per:s 2d), Let zscousider the ies.lts so obtarred, With the a'd of the theory of 


and by am Cxairtration of the ularitics the series of integers 1, 2, 3, 4, 5, 6 320, we 
elide that the Lanits of such a 


36, 64, which contorn to the law cf an tures 
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4cyciez 8 periods 


Fig. 3. Moeber systems for of tie composite nompes, 


a) there ts a pertodtexy by she af 1, 2,3, 4 6 


b) the perlods combine In pats, cac > arese2 avd a> unever pevind, 2 


£4, 16, 


“Such a mathe matically deztved comeens of tty nat caly of definite gs 
times repetition of the sunplest comresice bit also the growsh of cycles as ley evolve; ft cupre ses 
also the dual character and syrrneny of of system of numbers obtatned 8 ture forived by 
™ even anc uneven — rays of It rat ult thet we beve al) the req. of 
ematical representation of the of the elereria, ths potat for which is the 


between the concept of element ant thet cf ta as formulated by vs tt the beg'a- 


ning. There only temains the {ural step of 1 to 320 foilow nrg the of 


the inathematical analysts of Sy 

A comparison of Figs, 1 and ithe tdeettry of the re svs.em of with the 
fant we have developed of jee The de tet ate All 
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teal chemiztry. It has found widest application in Kumakov's physicochemical which brings together 


- but thar isnot all B emerges very strikingly Lom the 


it.) half-wave” o: tombe: period po:tad the of elements; ¢) cycle ~cycle of the 
em of clements, which coir ces within an even ocd an odd period, 


lt ts obvious, of course, as we emphastred at the very beginning. that we have here 2 correspordsnce, not an 
tdeatity. There ls no simple equainy between & mathematical number awl a Meadeleev aumber. The former gives 
a formal on‘nal number in the svsem, and the latter, in as much as the jira two elements, the electron and neu- 
tron, have zero Mendeleev numbers, {sequal to the nuclear charge. However, even the electron and the neutron, 
being initvidcals, correspond an the mathematical system to numbers (1 ard 2). Fer this reason there ts a dispiace- 
meat by two places in the succe sion of “cheinical* numbers comparion with the “mathematical® numbers, 
ezcumstaxce that's without 


amhental o: ptactical fo: the mathe matical expre:sion of the pertodic 


system of elements What, then, ts the physical meaning of the that man a red thread through the 
tein under cans‘dersiion, Le., 2 and 47. 


Fira of all, & will Se noted that 2 ts the two poss!ble values of?) the snin, and 4 ts the four quantnm numbers 
s, p.¢, and f. Rut the mos general and derefore the moa correct explanation that 2 expresses the dual character 


of the systcin of elements and the cempos'te number 4 ts th. camber of p:cto-elements neutron, 


atanicte), which te at the-bas's of the system and into the composition of the atcms of the remains 


ge¢lements All that we have here, fs bezh to the evolutionary and to the ce'l 
ofthe 


The concept of “system® wider than that of law® in sts generally accepred formulation, Ir fs true 


that a mathematica! analysts of {rs structure indtcates an exact correspoadence between the system and the law of | 
the periodic cependence of properties on the place occupied by the element in the system (Mendeleev periodicity), 


em that the periods themselves, being repeated ina 
ton, exhib!t a “pestodicity of periods", ar secondary perlodite ity, which was first discovered by Biron [10), 
ir ts not expressed at all in Merdejeev's formulation of the law and is closely assoctated wih the general structure 
of the sysem In accord with the results of experimental chemiary 


cyclic 


What we have given above ts not a matherratical dérivation of the periodic sysem of elements Impos- 


sDitz to Cerive a real physical law fom absract nombers, Also, the corespondences that we have estadtished are 
fn nc way intended as « of the periodic 


they are intesded to th-ow oF 
stuctuce of the sysiem of elemems, 
found generalizations, but this és snc 


ow, in all its variety, by stmpie satheniatizal equations; 
one pat, altho.ch 't ts a very important part, of the problems relating to the 

We are concered only with the mathematical expression of experimentally 
eed a step toward the goal of Mendeleev the discovery of an exact expression 


of the periodic Jaw and of the periodic sysem of elemeats, 


4. Physicochem'tcsl Axzatysts and Geoiretry of the St 


of the Mendeleev 


Pertodic Svstein of Elewenis 


Graphical tepresentetion cf various physicochemical-systems and processes {s widely used {n general and phys- 


chemistry and geometry oa the bacts of cormelation principles aad of the continuity of vansformations, and which 
enables us to mabe a new apreoach to the concept of the chemical ‘individual, 


It ts poss‘ble that further development of the study of stngular poin:s composition=property diagrams will 


new methods for the tirerpretation of Mendeleev's periodic law, in as much as the carrespondence 
of any indtv dual (dalton‘de) to a singular 


point coinc ides with the correspondence of an elemert —which 


cndividuel to the corcept of a special point in geometry, At the present time, however, at least without 


fundamental] changes in the basic principies of physicochemical analysis, it ts impossible to count tccess In this 


dtrection, 


The reason for this ts that the method of physicochemical analysis, which caa be snceubitis extended to any 
com postion —prope-ty whatever, fs strictly based on thermodyzainical principles, as Kurnakov emphasized 
There ts 


Bud reason why the man concept. with which 32 operates should be the concept of a phate, homo~ 
geneous acd continous, as defined by class'cal thermodyram'es, Tits ts clovety related to the fact that the prin- 


ctpie of continuity of occupies the foremost place ta the Ucory of physicochemical analyst's, The 
laws, obta‘ned ct facio- by the use of above described concepts, are extended further to non-equilibrium 


systerrs and cor properties, 


| 

| 
| 


Howeve:, retthe: the co-ce pe of he phice ~or the ptce'ple of of ts appi cable 
‘the anclys! of the periodic system of the elemerts the ft place the system Le a syzem of atcins, 

It relates essertially to ‘sviated atoms ard has s.ch as is pecul'at to stat'st‘cal 
Le., phases, avd ts therefore Like telating to the structures ‘of atems and molecules, in. tne 
secomd place, at least tn the ava‘lable targe of temperature and pressure, there ave no sates of equ‘) and 
cont(iuous between the vav‘o.selemerts; the periodic law carrot therefore be expressed te 
ald of contir-ucus furctio-s Hence, the geometry of the of the petiod:c system of clerrents mus also be 
the geomeny of d:scoat-uity. Les the essential d:ffecerce fom the usvally appl‘cable methods of 
chemical analys’s, In all othe*respects, bowewe~. the ‘deas whict show based the of 
property diagrams are quite appi‘cable to the of the quest ‘an of the geometrical esentar'on of tre st:.c- 
ture of the syssem of elements, 


In accord with the co-tespenderce pr’rciple, the co-cept of the elerrest in d'‘scort'y ral ces 
has Its countespast in the clemerta’y orcell, Tc rext corcem compiestty, the ds 4 
paraliclogram the cf cells that which al to tts area, ts the of 
ments in the period, Two pee ods (eves odd) taken togethe> form a sigle cycie of the systerr. 
Thus, the geometrical covnzerpact of the cycle the of elements ts the sqeate, which ts compowd of two 
rectangles (right avd left:; symmetry expressed ard the mumber of ceils 


which {s equal to the df eleme ts ts tre-c fore detected by the expression: $=4 ~* whee 
Is the series of ‘ 


23N 10 2° 


23¢:!30 2-26 K: | 83 Cd 


A 


Fig. 4. Representazons of cycles, 


Starting from thls correspondence of elerreats and pacts of the petiod'e svsiem with d’sco-t’s 
geometrical formns, we constuct the corespord’-g fo- each of the cycles (F’ges.4 ard Sj. .% 
each square the cells co--espond'-g to the elements ae d'spowd tn the order of the Mendeleev cf tre ele - 
ments, The “an‘sot-opy* of each square cons'ss tne fact that even odd numbers (Mendeleev mbers, are 
brought together in alter~at:ve ho~zontal rows, thus b- weg toge the? She sartiads ard 111) (de - 


noted by A and P), Above each squsre the of the (C) ts g:vea, and ‘above each ge, the tumber 


the period, 
It will be seen the of vartables under that the system canrot ibe complerety 
sented on a planc; it be teprese: ied th thee dune sional space, A titeedimensionsl fgue comers g 
squares in the form of sec*to7s parallel tp the base sepaated by diaanes woportional to tie capac'ties tne yties 
is to be found in a tuncated wiragonal pr am'd (ig 6), which bas a that is of ct ce 
Of Mendelcev's pertod'c system Of asd whieh cone'sts of tw > halves, related symmet ically asin 


n 
ages, which ave assipred to ever avd ald pe tous, tesjerctively, 
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Fig. S. Re presentation of a cycle. 


This three-dimensiona! form of represen station can be 
projected onto the base. The {igre so obtained aloo presents 


2 gtomentc expression of the structire of the periodic 
tem Of elemerms (Fiz 


as also Of the previous ones, mest de remembered that it ts 
concemed with 


sch te representation of synem ‘and : 


is not tmenced to repiace ang Ce 


tabular forms: of he synem (we 2)” 


In the geomeste form given tn Fig, 7, the toremesacions 
of elements, perlods, cyt and (along tha groups 
are presenced, The cf the cycles are indicated by 
bo!d All other ave given on the 
igure. Such actagran ecadies trterreJastonchip between 
all the concepts wed tn Oe conz 
to be reprecemted tn anexu dash faction. 


Just as, accorét.sg  Kurnabov any ompouston propeny diagram Is a closed compiex, so tn the 
that we have sdvasced for tie periodic sycem of the elements we find, 


of suber theory the gromepy of discominzous 


7). In the exam!nauios of tits 


cuoa of the periodic syfem 


The et of the periodic sysem in complete with the representation of the syse- 
fem tn terms of cumber tracy, “The syzem presents Usclf to us asa unified whole, harmontoudy developed and 
having aregalar ard logics) eructuze, answering and scase Ue designatica * system®; ts fundamental 
pleteness ts evident; tt Ls Lacomplete only wih respect to the discovery of new clemerts inthe which 
tt will fonn, as {t has done Ln she past, a leading thread in the Investigations, All cbat we bave expounded above 

will help ta the realtcatica of oa): give matdematical the vith the ald 


“Fig. 6 Spatial representation of the 


4 - 
Fig. 2, Projection on the base of the. 
spatial represertation of the synem, . - 


using the word in the 


cles 45 meatsin 
: 
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SUMMARY 


1, A horizontal, cell*form represcntation of the periodic sysxem ofelemests ts given ta which 


a) a zero period (electron, neutron) and zezo group (neuuon, die, Ar, Ne, Kr, Xe, Ba, ckatador) arc in- 
cluded; 


b) subdivision ts into periods and cycles expressing secondary pertadic ty; 
¢) there ts a hydrogea “cell” adjoining Groups 1 and 
2. & has been shown that te structure of Mendcleev's periodic sysiem can be déatihed with the ald of 


system, 
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PERIODICITY IN THE STRUCTURE OF THE ELECTRON ENVELOPES 
AND NUCLE! OF ATOMS es 


COMM'SN'CATION 2, CLASS F°CAT.ON OF THE ATOMC "CLE: OF THE ELEMENTS ON The BAS s 


OF THE PACKING E:FECT AND THE LAYERED STRUCT RE OF THE ATOM:C NUCLE.’S 


A. F, Kapustinsky 


1. Istroduction 


The exceptional prog-ess made the expe‘i:rental chem!s-y and phys'cs of the ricleus has not bees. 
accom sanied by cemesponding developmenis in the theory of pucleaz structwe, Although 
meutrcn theory ts generally ack-owledced, th detaued recourse has to be made mutually 
incomsisent concepts, each of which ‘s cere ally co" ‘ts application the sutton of a spec‘al 
Of questions, Such ruciea: models ae; 1) com powd of t particles, 2) to 1), bt 
closet approxuratior (Hactee), 3, hose bot om reLors 4) eratogs of 5) analogs of a d-op, 

Fermi [1] has remarked that ‘different tactear incdels yood of differert peculia’ ites 
of the nucleus; no ore of the strrpie models accounts for a tke propertics of the nucleus’, Jevors - 
“also Is not Lici:zed to be ontimisic; te assets Chit may be Of macy, Lf cot of inost, of tre exining 


experimental data, Hat they ace very poor with theory”, would not be am to 
.  Sssert that there no gene-al, pont of with the vatfous experimental Cats to the erect 4 
found in the theory of electron exvelones of atoms, At the pest stage of the sige 
with the search for a ge-eral theory: csusfil, and al, ta compare the var’ous 


esablisied prope:ties of cle’, to attempt ta sh the tat’ ve telat conships, ever altho gh they de 
approximate, that ave to be avd ts develen we comespo" dug xhemes of clascf'cation acd st uct 
models — tc co a1}, fact, that car serve to wider, and trtensify tre tiveaigation of tats p 


It mus de sa'd thar this the followed “n by Spytsya (3), Sel!nov [4] 
Sarktsov [6] [7] and others 


‘ These tavestigations have the undocbted ex'sterce Of pertod’c velationsh‘ps the ard 
. have shown tiat the periodic prope tes mey be of a most varied bine; the ~uclear per ‘ties found however, 
do not in any way ast mpie of the period ‘city of the elector atmospheze, 


In the prese=t paper (sce also Comm. ‘cation 1), we have tactied the problem of analyz‘ng the posscb‘l‘ty 
of the existence of a pe: nd cor to a laye:ed the and of 
relauoaship with Merdeleev's law, 


Rectiiinear- ameter Rule for the the Pack* 1g: Effect Curve 


In the theery of atomic sructure an essential part ts played by the exar ‘nation the curve for the 

effect, wiich permits the relative s:ab‘lit‘es of to be compacd, Th's ssnco:b curve, however, has act bee* 

subjected to a mat emettcal anatys’'s capa ble of relating the characte istic ales by which ‘ts 
‘position within the syxein of coo:d:nates ‘s s dete:m red. the packsrg efiect m acd the atountc number z 2). 
However, by carrying out th's aralys’s, we. inay. as wl] be show’? below, not relate this curve to 

_ Curves expressing other phys‘cochem’‘cal funct/o7al relationships, but alo arive at certain gencrelizat: ons 

essential to the classification of ato:ns, 


Let us conside- the most characteristic atoms for each ramely, the lsotopes that arc most ble 
and mos abundant natcre, ts te them, esscnt ‘ally, that out will apply, Let us potat Sut At ome the 
exceptional po.ition of beryllium, which, as Cheidyatav empnsszed has. as tts most Lorepe, 

Be), in spire of general rule of tic greate: abundance of even tsotopes (aburdance of Bee ts %. 


far 


tumber 29 (eale!im). ‘The tsotope ts characterized by 


where and mg ave eoresponding ve potnt: and beteranucleons : at ‘the of the same 


1, whtch ts corstracted from comptied data SL 
se presents tne between the packing | = 
effect m and the atom!c number (Merceleev rumbes) 
and not the mass number (the usual procedure), 
The evident symmetry of this curve rompted us to 
apply the method of analysis fira developed for 
physicochemical curves of th!s type by Alekseev 
[9] who established the law of rectil‘near diameter 
for the mutual solub!lity of Mquids A 
was used by Catiletct ard E, Mathias 00) fo: 
eriitcal volumes, 


have crawn the curve tn F’z.-2 90 that its 


a @ branches ave stictly wih respect. 
to the rectilinear dtameter passi-g through the 


werex of the curve, The experimental values of 

the packing effect (Fig. 1) cither cotnctce with 

the curve c:awa in this way, or depart from lt to 

an insigtificantextest. We may remark that the depart- 
ures are here less than for such classica] examples 

ofthe appitcat‘on of the rule of rectilinear d:ameter asthe systtms earbon disulfide methanol and triethylamine — 
water, Ais, let us, following the erstom for the rules of Alekseev ~Cailetet ~Muathias, cell the linet 

pesperdétculas to the dtameter and unturg caneszoudirg points of the two brarches of the curve by the name of 
ecn-wdes, 


1, Depealeace of packing effect m on the atomic 
numbers for the aduncant of the 
elements, 


From aa cxamipacton of Fig 1 we come to the following conclusions: 


a) The passes through a characteristic point, the vertex of the curve, corresponding to 
the equaltty of the numbers of the three component 


patsofthe atem: 20 26 p: 20 necto~oas, This firs characteristic point we skal] cal) the critical 


Fort of the pack g~<ifect curve, 


by The uppes brazch of the cuve refers to ato:ns of elements stand!ng before calctum Mendelecv's sysem. 
general property ts the equality in numbe: of proveas and neutrons; only for certain tsotopes of maximum 
atundance flsorine, sodium) ts ere anextanectonm We shall call such ato:ns that 
with respect to tun ber of protons and neutsons by the maine of Romonueieons, and the upper branch tha 
conesponds to them — the branch, 


ce) The lewer b-arch refers to atoms of elements after calchim, For these, the further we go, the 
more the runbe: of seurors exceeds the number of pretors, We shali call such heterogencous atoms by the name 
of and the carzesponding section of the cume the heteronucleon branch. 


The above treatment enables us to arrive ata gincralizaticn, which may be called the rectilinear-<d!ameter 
rie fer the curve (tn coordinates of packing efiect agains atomic numb er): the packing fiect 


¢ {sa geometsic toc us of pou from a rectilinear diameter paxing through the critical point of 
packing ¢ fect 


Arother fo-:n.tat‘on of the nie, equivalent to the above, 1s as follows: the locus of the eens of connodes 
€zawn throssh ative points of the homondcicus and heteronucleon branches Isa — line passing through 
point of the packing effect, = 20 (Ca). 

The equatio2 of the semana diameter for this case is: 

convode), 


row to ad exam! ation of the election of homorucleon atoms and heteronucleon atoins, 


f 


we {ind the atoms of al) clerre ts stard'rg 
. whereas these foilow'sg cale!um way hive & 


g before ts Mecdeleev's syrem have omy s- and pelece 
d-, acd felectons, This may be represented as follows (Tad'e 


TABLE 1 : 


Nuclear character!sics | Homonucleons| Critical point of the packing- 
effect cave 
| Electronic characteristics | s,pclectrons s.p.d,felectons | 
After sn cxamiration of the ‘t 4s unposs'bie sot to cacn the 
defintie corelatioa between the structure of the ciecton e>vclope avd the Of racleas 
: We have cons'Jered the fizst characte: sie We shall tow that the carve Al “+6 4 
second charactertst'c point Si-ce the d’srmeter tot pepe to acco dinate te 
effect curve must have a min'mun, at which the derivative withres pect to charaes sion. We shat! call 
the point the secovd of the packing effect curve; its val. © may be bows fr 
the graph (Fig. 1) ara by the of Eq-at 1, — the cox (Le, that 
zero lesel of the packing effect): 
: Substituting from Equat‘su 2 ‘mn Eq. 1, we the same as that givet directly by te 
minimum fom the graph (Fig 1), samely z = 26. This ts the atoin’ number of the 
these minimum conditions, ramely fon, 
Amcng all the poss'ble’ ace two of pacticular the con ads 
m, +! 
=O jus described, and the conrode. thre Jgh the minum Of the curve (2 = 20, 
They are not unrelated, 04 the as will be seen from the f'gire. they ace related to ore 
Ciculaz froin the lower end of the m‘r‘mum = 26) passes thro-gh the cette: of the Trey 
form, therefore, auntfed system, The four po.-t. id'ng to thee Con cales ace pounts on rack - 
ing effect curve; the!r values z=6, 12, 26. 35 ace the atomic ef Mayresi_m, 
Jaditum. As 1s well known, one of the forms of expe Me-celeew's pericd'c law ts the curve of 
It ts these four elements that oce py the Portions this swe: they are im the centcal pat tre 
coresponding. periods of Merdcleev's We sce all specia® poles of the effect Mit g 


to atoms of minimum the per‘odic systetn, aud the atom.'c are ed by the 
stons of the clecron atinospheres of the nucle’, we again corclidetnat 


the auclear characteristics of an atom and the clect: 


slew coresporderce must ex st be: 
n atunosphe-e of reclecs, 


3. Homonucicon and Nvelet 


The analysis that we have g‘ven of the pach‘-g-effect carve ts only the fst srathe> crude app cach to the 
solution of the genesal problem of the comesporderce between the prope te; of the pucle.s and of the ele 
envelope; it considers netiher the quest:on of even acd odd stomic the 
existcuce of Lsotopes, nor the tendency of atoins to ation of vartoustypea 2 pe-m.ts us, however, 
to make & significant step forward, fo- jt tells us cf a relatio:sh'p, the law of the 
which brings the characteristte points of the pack‘ng-cffect curve celat‘os with the misiminm: potas ef 


curve of atomic yo)u:nes, and also brir nuclear characteristirs into relation with the chacacter's ‘ss of elec. 
tronic alinosplere of the atom, 


eres 


- 


necessary 10 corider the of the aton:s of the predom'rating Lotopes of the elemezcs 
bhomonucicoas and hete:oweleons more detad, Although i2 's rot of an absolute characte: see, 
it gives a ciassification of elcinents that ‘s comec? Ly its features the af view aft 


theory of the nucteus, and ft aga’n einphase: ses the spwe pact played by cale‘um (Cat, 


he 


a 


&§ - 


3 
© 
id 
im 
‘ 


(3) estadi'shed by (11): 


tod-aw a having z acd the 


ts of terest weates the come of the changes fn the rembers of protsas 
the as the atom'‘e member z As will be sen from Fig 2, this procedure gives 
of the atoms which pecm'!ts, however, the establishmert of que defi: “te. 
betwees types of thes figere, ts based or comp led data [12] the - ambess 
prota-s (p) and the .cle ss are o> the ax's of o-dtrates, and the of potots Ce, the 
atom ¢ tember z) the of for the atorsof Merdelcew system (the srost ab.rdant, the most 
Sadie, Chose having the g cater i:fe), 


With dates curve of cours, a stralght line (the 
lize), The ot carve Qrepresent rurcbers of restsony Hee the “atv! on of ruclel into homonucleons- 
be cleacly As ts well the of actin'des cons'dered to be equal to 
De ard the coves be only to che apoxd erd of the 
(p = 125). 2 2) clea iy tre pemace of thee breaks the sinoeth course: - 
a-4 4). ( p = $6). which. sceodirg to the particle model, 


29 a-mbecs of pet ef2 23, ard 69 (at the e-d ef the 


se-deleev system 


These breaks tn the ave rot fortcitous aad, ic 
- 90 far as we are concerned with nuclear properties, can be 
explained only Dy abrupt changes occuring tn the structure 
the cicieus the couse of its butt up fom nucleons, 


The follow’ng section of the paper *s devoted to an attempt 
at sich ai 


4. Pertodtetty of of the Nucleas 
Att::bat table to “its Layered St: ucture 


Ie the explanation of various properties of atoms, 
Particula-ly imtype chemistry, the most useful theary 
bees the hypothes’s of nuctear erecture, 
stared by tm 1927 and later developed tn var‘ocs 
by The-dyztev [6) 113]. Capon fla] 
acd other Stavting f-om the basic. 


fdeas of thts theory and regarding the a-pa'ticles in the rucle:s | 


as by pars of reutzors ard protons, we 
may exp’a‘n the breaks 11 the curve io Fig. 2 with the aid of 
the fatiow-ng of the layered siructure of the nuc'eus, 


The socalled pivciple’®, famulated 
tn the p'ace w'th cespect to electors erd late: exte; ded 
td c_cleors, was to be trappl'cable to apa" Ucles, 
83 was Ferm! Byes acothe: method of 
theo-et‘cal physics ts developed in the futuse which wil permit 

appitcation of th:s principle to heltons, or evea ff ft ts 
formetated somewhat dijfe-ent form, there fs st! an evident 
peed for tre development of a theo:et'c al method for the 


\ 
Fig 2. Dependence of the numbers of povrens p 
acd in che nucleus the atomic 
bea of the most abundact {soto pes 


**setection’ of particles according to thet enevgy 
Of to attempt to apply th's priactple Ia tts sunple, 
fa:m to the classification of if we 
p46 % 


thet apaticies play the pat of atagle pacticles in 
and have gy charactertst. ¢ given by a set of for 


| ~ 

2 

: S 


3 

4 


quantum sto the q of 
with the facts pesented aly 2 


Uf we that in ext’ to that for electrons and swcleons is exierded $1599 a- 
particles, we are 11 fact asseticg that tres) carrot be two hel’ons tn the nuclecs having idertical sets of fos 
(quantum) characteristics the q_antum theory, the of poss’ble 


in cach Jaye: ("'qzantum we obtain (we Tid’e 2) the rumbe:s of q particles tc the first, secozd, 


and fourth layers, the res.it‘ng valces be'rg 2, 8, 18, 32, to total of hel:ons cf 2, 10, 28, 
and 60, or to aumbe:s ef p-otacs cf 4, 20, 56 120, whith coincide exéctly with the atom‘c numbe-s of the 
elements comespording to the F’g. 20 

Thus, the hypothes's of « s_pported by the facts, it wl be 
that nuclei have a four-daye: the fost thee be moe thir 2 gpectictes, 
more than 8; in the thid more tas 13, the fo oth more thar 32, 


. 
TABLE 2 


Quantum level 
Number of particles each layer 
Total numbe: of pat’cles ‘17> .cle-s 
Total mbez of potors che =:cle.s 
Numbe: of protons tn nucle’ s the 


the curve Fig 2 4 20. «| 
Number of protons {= each layer 4 16 36 64 


The layered nats-e of the nclecs ‘s dete-m!:2d by “ts heVon compzs't’o4; the a particles 
ash were, a “skeleton, the st of which macy determces the of the The 
evidently piay the pact of bi-d -g pavictes. cewerti-g the hel‘crs togethe-, As a of the 
thelr mumber, altesdy tacy eq ts the aperticies, ts possble thats ce 
then arises, to that of crests which gard checherwise space, every acd 
compactly {11 the giver vol.me, at. ‘sa cmisicg cre: in the 
of nevtrors the ~-cle-s .-sibdte, 
Iz may be cons'dered that bey2-d the bo. sdacy by the becker lire Fig 2 an inflect’oa 
the Curve 2, which will proceed ss shaw. for aac, Tis for the futher of leads 
to a bousdary at p= 118 at the of the pe symem, ad beyo: d this the ex'serce of :=cle! becares 
energetically imposs'ble, ose. tre exiserce ef ovhe:, more complex fo-ms cf 
for example, complex polyn.cies: fo it’s atalig? poly>..cleas 
of complex compo-rds, these the of the system cf the | 


2 
8 18 32 


69 
20 $6 120 


a2 NN 
o 


Although we finds Leyes the ire fs che of 
the atom, the actinides do rot cs: 19 fo matics of a special itye, bo to the erse: of a of 
non-equl tb:!um betwees apat’cles The ard the ts 
incomrpiete, be:ng the tes Jt of cases, fact, wre cus the fo.mwer ae sable, the latte: are 
by unsable 


Here we age‘r. at g between the of the ructevs and that of “he elec 


atmosphere, the sme way asthe siect ees Of atoms consist of comp Yayers, 
we have also complete stsbie layers of hei lors “tthe (F'g Tae robe: of thew 
cormesponcs to the tumbe: of ts pared (cycles) of Me-deleev's system (4, 16, 36, 643, ard tre 
number of part'cles that they cotespords so the of eleineats the periods 72, 8, 18, The last 
question w:]l be cons'de-ed the next 


Anexamtrat’os cf the ‘s: 


Nordheim, Haxel, and s.gaes: the p-ese:ce of « series of clowd proton shet's the This 
suggestion will rot be cons'ue:*d tere, fo thar 


contalaing 20, 50, 82, and 126 pin'cles does to have bas's ard does m 
development 0! @ theo:y of sv 


fe hee 


OF 


References to the l'te-atuve on th's Seve bess give’. by D.chwo th [16} 


election chem'stry, we arrive at results that ace 


commpos tors of elements poinp'ed Sethe acd Rache: ae te Mayes, 


ad the theay of che elect cf the ats, 


= 
~— 


4 


/ 


of Nuclear Structure with the 
-Strveture of the Eleciton Envelopes of Atoms. 
This section ‘s devoted to the questi'n of the 
correspondence between the structure of the electron 
envelopes of atoms and the structure ef the atom’e 
We shall compare the cycles and periods of Mendeieev's oe 
system, which a:e detenniced by the layered acrangement 
electrons the atom, with the pesiods of the ruclers, . 
which are dete:mined by the number: of heltors (ard also by 
the mmber of protons entering they ia 
each laye: of the nucleug Table Igivesthe cumberof- 
° elements (which ts to the murbe: of electrors, ance 
"the atom!r number ts eqcal to the numbe: 
the atom) and the number of protons the rucleas layer 
each cycie (ef, Tabdie 2). 
TABLE 3 
Fig, 3, Pestodiec mode ne atom! 
ed foun! electro: 
 Mamber ef ln Ce layer of 
z the nucieus 
The correspondence fs complete that comment would be suzerMuovs The cyclic character of Merdeleev’s 
of elemezts to the cyclic character found £1 atomic ruciel: 4 layets the 4 cycles 
the sysem, 
We shall compie row the mumber of elements fn a period with the number of heltons in each layer of the 
nucleus (Table +), 
TABLE 4 We see that even and odd 
fei and) to the rember of hetines a period of the 
of elemests The of these compactors 
may be formulated as follows: 
Number of hel:oas 
a layer of the recleuy 8 The cycles of Mentelser's 
tem of elements cormespand to layers 
(cycles; of the nucless, and the number of 
i elements (e}*ctroms) in a cycle ts equal to 
1 the number of protons tn each hel‘on layer of the nucleus, 
2, The of Mendeleev's sycem are determined in pairs by the nunber of hel/ons tn a layer 
B.cjieus, 


There oan be no doubt, there fare, tn the inference: the structue of the system of ele~ 
ment, aad therefore also the arracgeincnt of eleetre in the atom, stands in an exact, clear relationship 
with the of the system of nuclei, with the Layered of particles into the come 


of the ~cleus, ts posible tha the ai the almosphere of the atom mainly | 
by nuciea: [axes Le., is detezmtued by the stricture of the Ducleus, 


Attertica mest be drawn to a charscterisic peculiarity of the pertodictty of the nucleus, which results fom the 

fact that the compos'tion of the differs essentially from that of the envelopes of atoina, Perlodictty fa 
Ce.cev's system ts macy the of period'ctry in the electron atmosruere, for it on this that the chemical 
prope es cejerd, heving eleeton atmospheres, however, begin only with hyd:ogen, Le., they are delryed 
ts the extent of two placesya zero behind the of the system. This ts the reason for being 


=) 


these levels, These ccarces 25. 


. Of points equid‘stact form Saree pase’ g thee gh the of the pice cg effe: 


rexairple, that te is Tag: te wevinus laye: A. ard 
afte: two places the Layer occ > (ot after which a rew laye> 
the rucleus*, The sere wcusfotte My, two places Xey,, the boundary the 
tion of the third leye: of ts. ibe 
The forces peste sare very pewerfs, ard geatly the weske> tp ‘ong 

rule outs'de the ricle.a we do hese levels and tre comp cf 
DA as of the atom; they ave pe to 

ard thee ‘sevidertly roth’sg that the per of nccle*, 
however, must be the s.5jer: of facthes 


‘SUMMARY. 


The equation fo: the Cf the g’ vey ts shows Shae 
volzme curve, 


3, On the of as cf Te o9 te of ramber cf teors plot 


ted against atom rombe:, sivatced the ye ed of the che 


nmumbe: of helions the Isy* @.:8 ad 36, 


to explain the cf lasts $f cate. 28 SS 


4. bees teers between the cycles of Me-feleev's eys'em of 


we 


elements ard the [3 = Te ste sand che sumbe- of elements ce: acd 


the structure of the elect veiopet ash p woh that Of the laye-s the: 


ad Me-detesy of Chem‘cal Tee slcgy 
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: 


DETERMINATION OF THE STRUCTURE AND STRUCTURAL FORMULAS 
OF ORGANIC COMPOUNDS FROM CRYSTALLOGRAPHIC DATA 
G. B. Boky 


1, There ave a numbe: of well known difficulties which the theory of the structure of organic suSsiarces 
has met tn the fleid of aromatic compounds, For example, by the use of Kekule’s model of the berzere ruclevs 
it was found to be imposifdle to explain the absence of two ortho tsamers sirong benzene derivatives and to d spow 
single and double bonds ia a rations] fash'on ir a whole series of aromatic compounds havirg condensed nucle, 

_ Asa rewilt of these dif u cities, organic chem'sis wert to the othe: asd sbardored sttempts tc give 

exact representations of furinulas by the aid of vaiercy lives, tertboces and bezzere ergs 
began to be represented by stinple hexagons, without ary stfan of the of sitgle and double bards 
This *‘leveting out’’ of bonds amon ied to the secognit‘on benzeve tocle! of only one type of bord betwee 
carbon atoms — intenmedtate between s'ngle and doudie, 


Uf we employ the ele:nestiry electronic cowepts widely ced fn ovgante chem'sty ard tres velersy 
electrons to cach sich bond, we cas obtetn a sche:ne for the of the noteculs. Th's schems, bow- 
ever, cannot be used for representing the structures of naphthaicne, aath-acerc, ard other more complex 
In the naphthalene for example, there ave 11 boards be twee 2 atoms, but the of valewy 

“electrons remaining for thes fo-mation 32, - 


The "leveling out” of all the bomls be:ween carbon atoms in arcinatic co;n pounds ts ip ais? with 
a number of recent expersnerial cesults on and the syinmetzy of ogantc compouces, These 
data are publizied mataly in special crysallogaphic joumals, and often cemain urkcown to the af 

2. The present staze of development ta chemistry fs associated with the appearance of the method of x~+ay- 
structure analysis, which enables us to determ'ne Interatom'e distances in molecules and radicals and thes ‘rpeduce 
2 quantitative element into the purely qual!tat've sereochemical concepts of class'cal chem ‘sry.’ Tats demands 

consideration cf the values of trieratam‘c dinances ard, in pirticular, thet to on th: chem!cal bebav'cr 
of molecules, - 


Te ts Lmpussible, however, to approsch this question a purely mechanical fash'or and censizges that each 
valency line in the for:nuia always coresponds the same distance the sructure of a> cere= 
pound, The mutual effects of atoms in mo‘ecules may bring adout substantial changes Jn interatomic 
lengths of bonds between carbon atoms (aT atoms of ocher elements) of multiplic'ty may bave d iferect 


values in different compounds, and even one compound heteren zioms, The leaguh, however, ef tre 
bond between correspomi!ng atoms ia d:ffereat crystals of the same co:mpourd bas always 9 qu'te defirite vale, 


Firs of all we shail consider the effect due to changes ‘a valency atgles, 1954, whea as 
analysts of the structure of MS, we potted oug-that, tn spite of the great differerce tnelecrrnn’e stort betwte2 
platinum and sulfur atoins and the differeace the values and spatia] azangemert of the vatescy arg'es. thet: 
defurmations are approxtmately the same [1] Kita!gorodsky had de.rotsazated the samme ‘dea with to pats 
of molecules such as CHCls. CH 1, and others having strictly terahedial valency angles, 


C— C one C-—— C 
of 


; > In Fig. 1, the hydrogen and chlorine atoms are dzawn to scale, The repulsion of chlorine and hyd-oger atoms 
not united by a valency (at S— and 10-C) Js bouiad to result in the leogthenirg of the 10-13 bord, 


The distoruion effect in the valency angles will evidentuy be moze mathed at the edges of inelecules sod ity 
therefore be called the “cdge effect", Atom 1 will be repelled froin 9, since Itanects no tesistence tae 


=: 


{ 
= 
& 
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side (see Fig. Mit this will lead to sengtheniag of the bond 17 11 and shorening of the bond accompanied 
by trcvesse tt acgies values above 120° and fa angies 11 and 12, Shortening of the bond be- 


tweet Lard 2 may leat to the jocaltzation In thts place of a double bond and therefore further reduction in 
the petween these atoms, 


The oceurrerce of singie bonds between multiple bonds le._s, as 1s well known, to thei ir shortening. This 
effect ts very much ivore mazked than the inieratomicdistance effects obsezved for atoms est united by valency. * 
Ia particular, it has long been known that in paraffins and other aliphatic compounds a single bond has a length 
of the o-de: of 1.54 A, or even somewhat greater than thix, In aromatic compounds, however, the lengts of a 
singie bond rot generally greater than L45—1.46 A, AS an example of very conziderable shortening of a single 
bond let us examine the results of the X-tay analysis of the — of butadiynedicarboxylic acid (Fig. 2) 2}. 


The distasce between carbon atoms in the’ system is 1,33 A, iestead of the usual 1,54 A ia 
"t ts less than the usual distance for a double bond C=C (about 1.35 A). This example shows that the 


lezgth of a bond ts not always an quivocal characteristic of tts multiplichy. Natwally, the properties of the 
wil change if tts muluplicity maintained but tts leagth considerably al:ered, Sometimes bonds of 
equal length 


must be assigned differing multiplicities; and 12 special cases it ts conceivable that the shozter bond 
may “ave a lowe: degree of multipiicity, Thess, of course, are excestional cases, bi the general case, however, 
other thins belsg equal, interatomic distances correspond to bizher multiplictty ia che bond, The same 
imteraton le dutince of about 1.4 A may, however, cormespond el:her to a double or to a single boad, 


paraffins, 


3. Inecder that all the available experimental material on distances In organic molecvles may. 
be La with Rotlerov's theory of stuciwe, it ts necestary to make the anumption, which has been suzgesied 
previducy 02 several occasions, of the possibitry of the exinence in aromatic co.npouads not only of single and. 
oubdie boris, but also of ttiermediate, “one-and-a-half fold** bonds, indicaied in the schemes that follow by the 

tga No We shall rot coander the nature of thts bond un thts paper. The object v! our work here Is quite different: 
we shal: ty 10 show the mutual effect of atoms and the possibility of representing any molecule bya single 
Scuctaral formula, The lattes, of course, 1s powidie cal, when there are experimental data of sufficient sceuracy 
tie distances, For the represestation cf srustuzal formulas of aro:natic compounds, it fs 
sufficren: to bonds of thee types: single, deuble, and 1.€ -fole. Ocher things being equal, atoms bound by 
adizance ptermedute Setweea the disaaces appicpuiate for a single aad fer a coubdle bond, 
Syporhesis the existence in aromatic compounds of cazboa atoms of only one type 
=j we cal! this type A. The hypothesis stated above contemplates the exkience of stoms not caly of 
Type A, bet aloo ofa second type >C~ i we shall call cus Type BL ln chetRing these ideas against the exper- 


imemal material, we shall taxe the ldca of the preservation of a definite symmetry in the molecules as our 
basis. 


In 2.d7'ng the symmetry of large tons and of molecules of complex compounds, we concluded that in en- 
tering into the crystal arch polyateinie units lose symimezy according to a definite succession: 
bighwider axes are lost inmost read:ly of all, thea the planes, and finally the center, of symmevy [3] If there ts 


& center of symizeuy a complex lon or molecule, then ft ts pencrally preserved when the lon or molecule 
@s.ers actysal, This mie must hold all the inore for ergartc 


compounds, for Inicrmolecular forces (which are 


the main cans of the low symmetry of molecules oa entering Into ctystals) are weaker in organic 
than In inorganic compounds, 


4, Let usexamine the structure of the naphthalene motecule on the basis of the above discussion, Two 
“equivaieat’* structucai for:nulas (1 and 1), having different dispositions of the double honds, are given in text- 

books fo rapizhalene (Fig. 2). The interatomic disances and the presence of a center of symmetry in the naph- 
thalene molecule (21d) [4] defintely indteates the superiority of structural formula lover L The difference in 
Eistances between ¢ “von atoms linked with Lixe bonds,...,..C =C..... = 1.37.A40,02 and 
= 141A 40.02 lesalmost within the Limits of experimental error, The central doudle bond ts some-- 


what longer than the avezage Couble bond, and the outer single boads are soinewhat shorter van usual, This ts 
what determines thelr equal! ty in length, . 


The structure of the (JV, Fig 3, Ki:atgozedsky and Kobhalkina (5) confirms, 
betier thaa the structure of tne naghthalene molecule, the same lucailzat'on of double bonds, 


Uasnrmouctzable d‘fficulttes ae mero 
attempts ty the sf 
bonds {n the anthracene moieccie. tf Kervie’s 


for benzene ts used. Mestre: of the 
variants (Fig. 4) can be recorctied with 
. the existence of a center of symmetry the 
ghracene molecule CL), which ts showa 


to ex'st by the X-<ay of S'zcla‘s, 
Robertson, ard Math'esor [6] The same dats, 

however, are good with 224 
stuct.:al formula “V, corstr.cted of ca por 
atoms Of Type Tre d'zacces 
py 1.5 fale bords cack 1.59 + 6,03 A, 

: Replacement the 1 S-post'sts sf by 

cblo-ire prese-ves the cere: of of tre 

Fig. 3. molecule (V¥), bet leads ts argeme of 

bonds (VQ) [SL The increase the twe 


distances t91.45 A in the hexsgoa 
anmoctaced with the repu’sion of these hyd:ogen atoms from the arom, 


A differem regroupts of bo«ds ta the amthcacere msteccle ts te be observed when oxyger ts the 
9- and 10-pocit!ons The irtera:omic distances (acco-dirg to Sea the inclec.le ate 
Fig. (V0). The distrdazioe of in formula The oxyzes atoms are bo.rd by double brads, 
The disunce is LISA, In proups, however, the bovds Oxygen avd cutos ere 
identical (PJ, see Fig. 2) and are evidertly LSfold, which should be indicated ie the formula by the coresjo-ditg 
sign, The distance ...C+O 181.25 A. Ina single bond the ..C-O.. dustatce rises to 1.4 A or higher, 


Returning to the scucture of anthracece ard ‘ts derivatives, we may rote that, according to the type avd 
position ef a the ru:nbers of cacbos ztoms of Type A acd Type charge cors'devably, Tris 2 
anthracene 3}] carbon atoms are of Type B (Fig 3). Ia & cxcbo: atoms sce of Typ A 
and 6 atoms we of Type 3 “p anthraqu:noze 12 cazdon aioms ace of Type & and only 2 of Type A. For th’s 


. 
. 


. ‘ ; 
i 4.39 
1 
t 
: 
= 


ne m'ght propose a Kexksle bord (iX), thus making {t agree wi 
VG. Suchae 


the peudosymmetry of the 
of bo. would be ver much at valance the tmieratomic dis- 


of compounds, the influence of at the ines may be rearcanged, 


leading toa different localization of s-bo-ds, to thelr complete delocalization in individua! benzene tings 


S. Asa firw exam)! e let examize ‘the srictuce of tropolone $). Compounds of type are char 
acterized by be'ng much reaces certain to aromatic than te aliphatic compounds. The results of the 
Keay analys's of the Cu cf ropolone [8] perin't us to undecstand the nature of this phenomenon, Astudy 
of the distances bemweea the sons shows that there fs an alierration of shartes acd longer bocds in six sides. 
Of Se rg (we the Cisuacces betwee: ca-doa atoms 1,7, 7.6, 6.5, 5,4 and 4,3), which ev icentiy pesmits us to 
double cha acte: to the shovte: bonds The seventh distagce, short, What fs the multiplicity of 
this hore The az of a multiplicity of two would be tantamount to the ase7:bing of quinqvevalence to 3-C, 
asd th's there‘ove, 5s Unpossible, This must therefore be a greatly shortened single bond, What & there to confirm 
this if the 3.2 bond ts a airgle one, thea the 2-oxyrea ts to 2-C by adouble Uf the toad 2-C-O bs 
doubdie, the bond ls singe, A com- 
parison ef the 1<C—O diszance (1.34 A) with 


4 gp “the 2-0-0 distasce (125 A) such a 
Ne  disertbution of coudie beads In the molecule, 
| The CuO disarces a!s0 sipzort such a dis- 
Sex 2 tributton: 1O hasa fee valency, and tts die 
> ¢ from the copper atom fs Jess than that of 
2-0, On the orhe: hand, the strongly electro- 
megative oxygen (2-0) standiag at a short dis- 
Fic 5 b tance from the riag vf carbo: ns attracts the 
“+ bydrogea atom of the 3-CH groua, thus 


ducing a consideradie shorteatrg ia the 2,3- 
bond corfering prope ties on the whole ring pert is the in which the mutual effects of 
acoms are mastiested tn thts motecute. 


Apart this of bonds (Fig a ecend possdie variant might be proposed, in favor of which 
may be ciied the 2-C-O cistance of 1.25 A, characteristic for a 1, 5-foid bond, and also the exceptionally shart: 
2,5-boad, which ts shomer than any other C-C bond In the molecule, In this caz we are Sound to characterize the 
2.3-bord as 1.5foid. and the which participates tn a hydrogen bond, we must consider as bound to nelgh= 
doring atows (3-C avd 2D by single electron bonds H- The equivocality of the of the struc- 
tural form ta ta thts example dies no* Involve a matter of plicipie, corstquence Of the inadequate accur- 
acy of the Cetesmication of the coordinates of hyd-ogen atoms in the ¢rynal As unequivocal answer re- 
gacding sructural formutas caa now be obtaired in those cases in which they can be derived fro:n the imeratomic. 
for atoms thaa atoins, mainly between carbon atoms, Unfomunately, the present level of 
Xvay dors Dot us to determine the positions of hydrogen atoms, For these purposes more hopeful 
ave thoe of and, particularly, neutroaog:aphy, For the more objects of this 
Pape: he equivocaicy of the determination of the structural fomnula of tropolone Js not of great significance; what 
ts more trrpormact ts the fact that both of these possidle solutions lead to the same conclusion, namely, that the “benz- _ 
eno'd” Poperties of the topolose molecule ace the ~esult of the effect of the 2-oxygen atom on the iniesatonile 
tances, The-e ave as yet a0 X¢ay tavest’gations that could supply data adequate for a considezation of the more 
geseral question of the sesemblarce or even ideatity in properties of substances having a-ternating double and single 


bosds with those having Orly 1.5 fold bonds; there are, however, also no obstacles ia principle to o soluiion of these - 
Questoas experimertally, 


6, Im conclusion we shall enumerate: y the assumpxions tha: farm the basis of this work; 2) the conclusions 
seached fom an exam‘natios of the expetimental mater:al; and ftrally, 3) destsable further work, the performance of 
which could in the ce velopment of the ideas that have been put forward, 


aun under examination carbon quadrivatent, every carbon atom has 4 valency 
Tt ts ssenttal to beg's with this suppos'tior, ta a uuinber of Investigations this fact is forgotica and 
$9 Got taken “nto account the -epresentatios of structural formulas, Thus, according to ¥itatgo;odsky aad Kobal- 
king [5} every carbon map athalene has on the overage & Valcacy of and in anthracene a valency of 4,4, 


. 


bo The. chem. cai boot stoma lea molec le effected by acd whole 
esmvbe> af cons pst’ pac) 
The etatarce betweca ce bor (ard othe:) stoms othe: th beg the les, the gere: 


the rum of electors patic: De formes ston of the 
2) 2. The valve of av tote: 


vary with’ fairly w'dce the muta cf acters, boods formed by 
& small sumbe: of may ve shore: thir 
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foamed dy rembe: of electrons 

b. Foz the des of at's cow pr. tds havi: g be-zere she: 
type: of bo.ds follows f.our & 


y atl thee 
that every type of “3 Sy aw 
re’ ly at even 


=< 


sume: of electors, ho.gh 


of have Dees (effect Of individual 
ators 0: g O.ps bo-d lengths). : 
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Sa 2 de of ince ess tn invest’'gete ctemical pore tes cf bor ds equal 
plic:ty bat g:estly diffecing equal bet ty. 
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effects cf scoms 
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_ 3. Bhasbeer shows cht for the represectation of ft ave Compe the 
syirirety of the irdiecule, somatic compourds cowie ms te: to 
$220 acco. ct “ot Orly avd double bo..ds, b.:-«.s0 *1. $ 
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EFFECT OF THE PRESSURE APPL:ED IN THE COMPRESSION OF AN 
ALUMINA-MOLYBDENUM OXIDE CATALYST ON ITS ACTIVITY AND ST 


SCTURE 


©. D. Sterligov, G. Gontkberg, A. M. Rubi 


rshteta, aad B. A. Kaz ansky 


In 1931 Plotsihov, Ivarov, and Pospekhov (1) showed that tc the sy=*hes’s of metharo} 
monoxide and hydrogen the activity of a tersary catalyst Cu-2-O-C:,9,, compreswed at 300 atm wis the. 
as that of an arcompesed catalyst of the same compos't’o., A sumbes of “cvesi ‘gatos 
found that at higher co:wp:ession pressures there Is a charge the snectfic act'vty acd p Muct'v'ty of 
alysts,¢ Thus in aa trvest'gation of the decomposition of metha” ol and of a comp essed 
catalyst (zinc Ox'e) was found [2] that in the compression pressure up to SOW atm resulted tn 
Increase in the product!vity of the catalys and a reduct’on tn us specific activity, In more recent wore [3] 
on the hydrogeratio. of miseral ofls a pressure of im. prese-ce of compeseed (Lp t2 5900 atin) 
catalysts consisting of WS, avd Al,O, was found that the pressure applied in the comp 


son of the catalysts had no s'g-‘ficart effect on the's specific activities, but somewhat po- 
ductivities, 


Kurtz and Peeminov [4) made a dets‘led ‘nvestigat‘o of the of metha7o! az 275 375° 
in presence af a co:rpessed catalyst, Acco-d.ng to the’r results, tie e ts appr ectable “tse 
specific activiy and productivity when the picscure at which the catalyst fs compressed is to 5000 
atm,; further irerease if. pressure to 10,000 atm leads to a reduction the spee"f'c actvity and preductivity: 
of the catalyst. The trevease Activity sf corpresed catalysts wis observed also by 5). who 
usd a three-compone~t catalya O, compressed 20 600 stun for the ester*fication of 


In absence of acid. Tre activity of th's catlyst was found to be greate> thas that of uxoinpessed catslyst of 
the same composdon, 


Vereshchagin, and Numanov [6} recenzly showed that, ir the case of the denyda- 
of ethanvi, clumt-um oxide catalya compressed at 20.660 atsn, ts moze effective (p-od_ctive), stabie, 
and strong than catalysts that have not been subjected to compre ston, Also, the suthors found tha: 
pression caused no phase change the aluminum ox‘de aad that 
elated with diminutton in its 


the 
structural chamges in the catalyst were 


In the cases that have been tavestizated, the-efoze, compressed catalysts were ford not only to be © 
mechanically stronger, but also to have higher prod.ctivity in comparison w'th catayss 
the majority of the invest:gations c:red (:he excert'ors being [2] ard [4]; no audy was made of the effect of 
the value of the compressioa p-essure on the catrlytic propertics of the catalyst ta the presest wo.k we Lave 
Invealtzated the effect of the value of the compression peessue (over the racge 2009 ~-20.0¢0 atm.) o- the 
stucture Of an alumina—tno} ybde> um oxide catalyst ard on ts catalytic popecties (productivity, specific 
activity, stability) in the reactions of dehyd-ox yclizat'on of heptane ard of cyclohexape, 


EXPERIMENTAL 


Catalysts. An alumtas ~molybdenum oxide catalyst contal- ing 2 by we'ght of 100, was heated 


ia a stream of nydrogen at 350° for 3 hours and at 500° fo- 2 hours. The catalyst, reduced in ths way, was 
ground to a powder and sub.ected to pressure ta lead asnpouies under: an all-diectios bydrostazic pesswe of 
2000 Part of the compressed catalyst so obtaired was then fucther compressed under an 
hydrosiatic pressure Of GO00, 12,000, or 20,000 atm in lead ampoules In a superh‘gh pressure mait'plier, : 
Compressed catalyst gialns 1.53 mm in dlameter was required fur the investigation, The cha'ges 


changes in coinpression pressure, in the “bulk” spectfte grav‘ty of the granular catalysts g’ver 
Table 1. 


It follows froin the data of Table 1 that the bulk specific gravity rises by $3% 
In this paper, the specific activ'ty of a is ts activity 
activity per untt volume, 


je 
er unit weight, aad 4s productiv'ty ‘s 


¥ 
— : 
4 
2 
‘ 
rz 
| 
a 
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had pasxed, and the result was added the welt 


a glass cylides bavicg a capacity of 10 mi 


| Frovedive, and Method of 
spec tite Gravity of cane: out without the ue of a gascamics, the 
Now mrthoa being employed, The pressure was 
atmospheric in the catalysis (length 3100- 


TABLE 2 


Pyrex glass and was moumied on an inclined cataly- 
als furnace provided with electric heating and tem- 
perature reguiatiun, In all experiments On the 

* ter-ntnation of the acilviy of the catalyss, the 
temperature was maintained tn the range 489-491", 


A laycr of catalyst 16.5 cm long was placed in 
the cautye: cube, All wert carried out with catalya (always meaared in the same glass 


cylinder, Inthe main capertrenis the duration was 4 hour, but thox on productivity dt was 2-4 hours, In 
the experinen:s, tepenctatcd of stable actlytiy were elwaysuxd, In orler to sabilize thelr activities, 


fresh poriicns of catalya were heated in a cream cf hydrogen for 2 hours at 500°, after which a 2-hour experl= 


meat with heptane at 439-491° was carmied out, catalya was then regeneraied was Gone also after . 
other experiments under the sme coadiuons): the caraly:f was blown with nitrogen for 30 minutes, then with 
at for about one hour, which au was ispiaced by atrrogen and the catalyst was reduced with hy- 


drogen at 355° for 12 houn, Whea thest cpcrating condizions were observed with the the experiments 
were found to be sufficienudy 


having the following constants were 98.2 $8, at 760 mm; 
0.6828: np 1.3876 Ba 98,4" at 760 mm: 0.6837, 1.3876); cyclohea- 

ane 80.6° at 762 mm, 0.7785; 1.4265 (Uerature (8) ~~ 80, 7° at 760 

mm: 0.7766 rf 14762) ; 


During ise experiments Ce byt esdans were passed to the tude always at the same space 
velocity of 0.55 of hydrocarbon per catalys pet hours this was carted out with the ald pistoa 
Cevice Sz Cerivestag at a rate 

The device by of a 


20 
mora, Tre cal yzate pased from the mactha 
tube to 3 receiver cooled by a micture of ice and 


wate: acd coveted Wa In 
order remove the small of catalyzate us 
that was gere-ally held back at Oe of the cat 
alysis tude, Ge Later was provided wih a speclal uv 
drain made fol The weight of 
the that collected the tap dwing the exe oe 
perimens was divided ty the numbers of hours that : 


of catalyzate obtained per hour the given exe 
periment, At the end of each exoesiment, dane 
irg mbaances adsorbed by the cacslyst and reace 
Lion products were displaced by nuvogen and thelr 

ignt Cerermained so that It migit be adced the 


of catalyzate obtained fn the {us hour of @- @ 2 
the experiment, 


€atalyzate on its conterdof aromatic hycsacarbons: 

In the course of the experiments cataly= 
Bates were collected separately every hour, ante 4) 2) 
thelr refractive indices and y!elds (3) were dete @ 


mired, Az the end of the all the the catalyzate tn by weight), 


© The duis specific gravity was deteschined by weighing 6 ce of catalyst (in grains of dlameter 2. 


- 


tm, internal dlameter 7 mm), which was made of © 


Fig. Desentence of the refractive index of 


| 
— 


Catalyzaies collected were untied, ard the rcf-act've index of the catalyzate chia‘ned the whole 

ci the exper‘ment was deter! ed, for the determ!: ation of the degree of co .vers'en of hepiare o: 
hexane {nto aromatic hyd-sca:bo-s, we made us of curves the cef-acttve indices of the catalyzares 
from these hydrocarbons to the‘r cortents of The relevant curves, which ave given 

in Fig, 1, were comstructed on the bas‘s of Livest’gat:ons of 6 catalyzates f-oin heptane and 54 catalyzaces 

_ from cyclohexare, which were obtaired in the presence of a): catalysts at 450- 
500°, the concentration of aromat‘c hyd-acazbors be‘rg determtred by the methgd of relative dispers‘ocs 
proposed by Ioffe [9, 10] The curves g've+ cove: data on the ref:ective of catalysis contat-ing 


from 6 to 97% of acomatie hydro arbors, 


Activity of Compressed Catalysts ‘r the of Keptace* 
_ Expt.| Catal-} Compression Amt, of hyd:o] Yield of [Content of a0: | Pod.c-| 
No, | pressure (h:) | ca-bons passed |catalyzate | of catal diratic hydoca:4 tivity of) activity 
No, (atm) (ml) (% by wi) | yzate |bors in cataly- | of 


(by wt) jzate yza"e 
1.4076} 223 2.97 2.81 
1.4028 16.5 2.48 13.13 
3 1.4001} 122 1.78 
1.4057} 205 [2.78 [3.56 
11,4214 37.0 3.58 14.56 
23.1 3.29 4.08 
4 1.4003} 12.8 1.88 }2.40 
1.4063] 210 
1.4089 22.5 
1.4926] 16.5 
1.4008] 
1.4070 
Mean 
= 
Realts of the of the Activity of Compessed Catalysts, As indicated above, the object 
of this work was Uie eluc ‘dation of the effect of the value of the p:essuze applied tn the compzess‘o- of cat- 
alys’s on thelr catalytic p-opert'es, In Tables 2 and 3 ave y’ven that the effect of the pes- 
suse applied in the of catalys's an 


Space rate 0,59; temperature of exper nents 489 491". volume of ¢ atalyst 6 


activity tr the reactors of dehydroc of teptace 


i 


and dedydre genation of cyclohew*e, We deiermired the activity in the of the dey ee of cunversion (ia 
% by wt) of the ertginal hydsocarbens {nto aromatics referred to tem Sof catalyst (product vity) orto 1g of 


Ca: aiyst activity) at constat space tate (0.59 ml of hydrocarbon per lem"of catalyst pes hous). 


TABLE 3 
Activity of Com presied in the Dehydrogenation ef Cyclohexane 


Expt.| Catal- Courp-esston Time Amt. of dydro-, Yield of 
No, | yst pressure [carboas [catalyzate 
So. (atm) 


Content of aro- 
matte hydrocas 
bons ih cataly- 
zate (% by wt) 


Specific 

activity 

of catal- 
yeate 


1.4683 


2 1.4566 8.80 
12s 1 
24 1.4513 1,93 
344 1.4464 6.51 
124} 2 
119 | 3 
136 


Exam‘navion of the results in ‘Tab! ¢s 2 ard 3 permits us to conclude that Increase in the pressure applied | 


ir. the compression of an oxide catalyst leads to a rise in its productivity, At the same 
time, the rests indrate a reduction in the specific activity of compressed in the reactions we have 
trove gigated, as the pressuce applied for they compression increased, 


of Xray of Caralyaa Invest gation: were carried out on of catalysts thas 


had red.ced b.t not yet loz the atomatizatian of the hydrocarbons, Photographs were taken on Kodak 


{tlm a Debye cameza, hoving a holder $7 mm in diameter, by means of the serles Ke ‘ays of Lon 


the exposure bel-g 10 hours at 12 mA and kV. 


© Space cate 6.55, temperature of experlrents 469-491"; volume of Catalyst 6 cm’, 


Produc- 
tivity of | 
cataly- 
“ 4a 
a 
— 
Mean 84.1 1.4582 6.03 
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Fig. 2. X-Ray diffraction phorographs, 
1) Uncompressed catalya; 
2) Catalyst No. L 

. 3) Catalyst No, 3, 
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< xe 
The X-av phowsraph: of tre nal and of samples compressed at pressures of 2000 and 
are giver page 29). The positions of the lines ard the fdentical widihs 
of = lines on all of the X «ay phetowaphs cate that, festly, compression at pressures Of up 


“to 12,025 atm does tot result any charge tn the composition of the mixed catalyst under tivestt- 


getion, and, secondly, the dime-stons of tae elementary crystals (L:¢., the degree of dispersion) are rotaf- 


Catalyst No. 1 (Com= | Catalyst Mo, 3(com- for catalyas Nos.1 and 3 
at at 2.009 pressed at 12 905 atm) have cha-ged to such an fas 
Intens!t significant extent fom those 
fo: the catalyst 


2.09 |v. weak weak weak 
could be assigned earhely to ex- 
1.83 1.87 strong strong 
found in the values of d for the 
La? median 1.47 medtun - 
_ Measurement of which fs diffi- 
| wean = 


- cult, The reselts Table 4 show 
also that wre cryZaliine phase in 
the investigated samples is 
Ai,O; having a soe, evidently owing to the dissolution fn it of pact of the MoO, pres- 
@m the. As the catalysts have the chazactezistis color of MoO,, tt mus be considered that an ap- 
preciabie part of ts present as an independent phase, im spite of the absence of MoQ, lines in the Xtay 
photographs. This view ts confirmed by results for the values of the parameter of the crystal lattice of ia oe 
and tbe ceformatioa of the these ace giver in Table 5, 


weak wesk 


original cord‘:toa the catalyst 
Deformation of the Crystal Latttce of y-Al,Og in the Sarpies investigated 


“contains y-Al,O, having a de- 


Deformation |Defo-mation relative to 
rejative w of a from tables 
com yre sed 

(*) 


pression amounting t0 0.18 A 
 er2.2% Ia view of the values 


Sample 


of MoO, (¢ = 4.254, a= TESA, 


Uncommesed 

Catalyst 1 
pressed st 2000 atm) 

Catalyst No, 3(¢om- 
pressed 3% 12,620 atm) 


Al,O, indicates the formation 
a solid solution containing a 


Value {:om 
is considerable (about 20%) and 


tice of y-Al,Oy ts In a state that amorphous to X+aya The practtcally constant value of the lamtice defor- 


mation of at indicates that the compression rotaffect the composition of the solid 


The ge-e7al conclusion fiom the analysts of the ab ts as follows: compression 


at pressures of up to 12.600 atin does not cause any change in the phase composition and peimary (X+sy) - 


structure of the catalyt, The observed cha-ges tn its physical properties (increase in bulk specie. 
eavity, hard: and sre: eth) mest be attributed to in secondary structure, In poreatty, 


DiSCUSS!ON OF RESULTS 


‘The results obtained th this stigation have extended our tafa:mation on the effect of the pressure 
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formed latuce, lis mean com= 


of the parameters of the latuce - 
futile type), the observed change 


in parameter of the lattice of 


low concertrazion of MoO). As 
the MoO, coazeat of the catalyst 


there are no coespunding reflec=” 
“tors on the photog-aphs, it must be concluded that the part a the MoO, that has passed into the 


| 

™ 
1 
aia) \ 
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applied Inthe esstoa of catilysts on thelr activisy, These 


lead to the conclaxoa thit the of the catalyas 


activity and the specific gravity, which ch3nge opposite dir- 


ections as the compression fs sncfeased, 


‘It follows Lom an examiratton of Fig. 3, that itcrease tn the 
compression preswre from 2060 to 29,000 atin teads- to ar tn 
the of the catalyst 4a both of the investigated reactors 
by 12-14%; under these comdtt!ors the specific activity fells by 26 Cite. 
The absence of significant chaoses in the of the 
catalysmafier thelr subjection to a ew far 
the suprorizion that the observed fat! apreific sc 


with the charige tn the pozoa'ty of the catalyz. 


tivity ts asc! ed 


Let us pass to ar of the sab’ itty cf 


“Catslyst. Analysts of the results given Thies thet 


reduction tn the gecific activity of the catalyst (¢) with 
the dusation of the experiment ¢ may be cd bv a 
on the graph of loge agate 4). Le. by the equsites: 


loge = log cg~ ar. 


walue of the coefitctert @ characterizes the 


Fig. 4. Sability of commescd 


activity of the catalya). 


chai we hove is de: tert timed by two quattities. the spre! 


aes 


In this equation cy ts the specifte activity of the catalyst at ¢ = 0: the 


rate at witch the sp tfc secivtty of the catalyst fats Ue 
of use (Instability of the catalyst). bs found tocharactertze the stub) cy of the catalyst by the coef- 


Catalyst 


~dehydracyclizatlon of hepiane: of cystine rane (c fs ne speetfs 


& 


6. “a 


of ate} 


Fig Effect 
03 y (lp a: ard 
Spec’ activ (2) of alumi 

ettalys 3: 
Om of 
Wace, of 


& ue: 


fielent 8, equaltol/a The valce of the stability B with fecreae te compres 


pressure (Table. ‘We have as yet ro bacs, however, which to ¢ thar this. 'n stabtitty 


isa eficet of 
TABLE 6 


Effect of the Pressure Applied ‘n the Compress'ca of Catalysts 


We carrot the pose 
that the observed ase the rabtitty 


on the Value of the Stabillry Coc fix tent 6, 


cloheaane 


Dehydrogenation of cy-] Dehyd acy. of 


(hr) 6: “Ke 


of catalysts ts with 
thes spec dle activity, a3 nas 
eberved a member of cass for uncon 
In order to this: 


que stan, father ications: 
2000 a9 1,00 are 
10,2 tusion we may potst cut t! 
onsen fn the caciffctent 8 ts apy 


mately the same bah of te Weve 
reartisag 


2 
Pressure 


SUMMARY 


ae 


An has heen carried out inin the effect of the value of the compression pressure (in 
the rarge atin) ow the of comp essed oxide caralyst and on Its 


productivity, activ ity, and saduuy in the reactions of dehydrocyclization of heptane and dehydro~ 
genttion of eye: one xane, 


/ 


228 has been shown iba: increas In compressio reads to increas in the productivity 
decrease in the specific acilvity of the catalyst (to an ay 2 extent for both of the lavestigated reactions), 


bas been found that the stability of compressed alumina—molybvenum oxide catalyst increases 
with the compression presaze (also to an equal extent for both of the investigated reactions), 


A, X-Ray Mvestigat ton has rot tesealed any changes in the peunary (X+a5) szucture of the catalyst 
aker bees subjected to a high hydrosistte pressure, 
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ADSORPTION OF GAS MIXTERES 


COMMUNCCATION 3, POSSRILITY OF A STATISTICAL TREATMENT 
OF THE ADSORPT.ON PHENOMENA OF GAS M-XTURES 


Bering and V. V. Sexptashy 


shall cons‘de: that the furdsimestal problem the theory of the adsorption of the 
calculation of the adsorption of the corporeats of the giver vatses cf the pact! 
pressures, the lsutherms for the adsocption of the pure conponerts bring arows atthe same vf 
we confine ourselves to the of the m‘atues, problem be formated 4s follows: 
it ts required to calculate the values of the functions . : 


the functions a? = 0) and a," =f. (0, B) being given (graphically or acd a, ae the ad- 
sorption values fur the compo-ceris of the m'xture; and ave the values for the 
of pure comporent; aad and pj ae the pactial proses ¢s (tere and eliewhere tp th's pape" De gas 
phase 1s considered to be 4 ‘deal). 


In the solution of this problem we may start fom phys'cal of the acsorpt‘os 
process. Lt may be assumed, of course, that ary o7 thermodytam‘s theory of may 
be general‘zed to the case cf the of a Th's gere-al'zat‘on may sometimes he fo-med 
wiihout the fauoduction of ary rew consatts, Le, sli the cosnarts ~ecessaty fam the of the adsorp: 
tion of a mixture mzy be obta‘red by the trvest’gat‘on of the adsovpt'o1 of compore tts, obvious 
thar in thts case the solutton of the pobler sated above 's poss’ble, Such a case 's found tm te well 
simpie theory of pion certain cists is in p ciple with 
Out the introductioe of some new comstatts, Magtus’ theory is ore of th's type. it wil be clea> thar 
these cases the functions a;° = (ps, 0) and as = f,(0, pi) ace for cale.lation of the 
expressed by Equations 1, 

In this paper we shall Ourselves to the exam‘iition of cema‘e aspects of the theory of 
tion of binary gas mixtures, the postulate be‘ng made that te system cer west'gat all preveg. “sites 
demanced by Largmuts's theory are realized with the exception ef the hemogere ‘ty 
over the surface, As ‘s wel] known, Largrout hire lf potnted out that for Paving sites of 
several types it ts poisble to apply the concepts itlat'g to a homoygereous srface to each assembiy af 
tical s!tes and to calculated the ove: the whole by smm~ionof the adsrptics val.es for 
all the assembl tes, This demona ation, however, rema‘ced ic the form cf a xrewnatic fo-mula, for there were 
no methods avallable for the pract‘cal performance cf such a Si dstattial progress ia th's 
was made by Zeldovth [2] who, ta the place of a disc-eet set of ere-g'es of adwrptior, a 
wous function fos the scface ‘bution act o:d'ng to adsovption caevgy valics (a adurp ion coe ffic cect vaiees) 
and found an analytical express‘on for the adsorption fo- a definite fora of this dia-‘bution 

‘This line of work, mainly as a result of Roginsay's Livest’gatiors, developed aa orderly theory of acsozptiag 
and catalytic phenonicna on heteogencous surfaces A detailed expos:tion of the theory ard numero. 
plications, and also a histovy of the question, ace given by Rog‘nsky in his monog-aph [3} .- - 


It mus: be pointed out tat Rygtnsky and Todes [4] have exicnded this theory to the case of the ad- 
sorption of gas mixtures and, with the ald of certain supplementary assuinptions, have solved the p-oblem fa 
mulated at the be gtastig of this paper, Ina later pact of this paper we shall compare the iesalis obusLied by 


Roginsxy and Todes with the resulls of the #nslysis of the p:oblem tut now follows 


Let us assume that the surface may be by a fuvtion p(t. hb.) ts terms of 


two adsorpiion coefficients and by, which may in general be regarded as varleblea, isevideat 


- 
‘ 
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tre casc of ad a intxture, the degree of fuling of the surface by, for example, the 
component will be expressed in Us most general with all the assumptions the 
following equation: 


1+ 
From the very beginning we shall confine pam. to a consideration of the case in which by isa single 
valued futetion of b,, On the basis of very general considerations, it may be concluded that this case Is 
always maiiced tn physical adnzpion Uf by = ¢(hy). then pty. bh) = py. = py. and for the 
calculation of the degree of fitng a knowledge of the distributiog functions e.g, with respect to by, is: 
sufictem, Equation 3 may de sun plifte and written as follows: ; 


thy 


lk may de noted that fo: the sake of generality inte gration Imlts of zero and infinity have been in- 
Gtcated ta 12 ts tn fact sufficient to mie grat ¢ fom a certain by min certain by max, since 
for values of 5; higher than by and less than by the function p becomes zero, 


There ls reason to suppose that in the most gencral case no further simplifications of Equations 4are “ah 


posdle. The poisthiltty of these equazions practically ls now cerermiied by the possibil! ty of the 
reliable determination of the furction p(d,) , fromm tovest!garion of the adsorption of the pure component, and 
of the funct’on by = from some orher considerations Considerable interest fs presenicd, however, by the 
examination cf various special cases tn whitch certain assumptions conceming the form of the functions 

By = OF us to pr very much forther Insizad of confining ourselves to the simple 
writing Oct of Eg.ations 4. 


Iz may be noted further that the of the oa equilibrium in the case of 
a gas mixnce, it to caiculate, instead of the quantities ay and 2, (or 6, ard 62), the values of the 
Total as; = By (07 Sry = Oy + Oy) and of the so-called selectivLy coefilcient ag defined by 
the equatcn: 


= = 5) 


(here and a are the motar fractions of the components In the adsorbed phase, and N, and 
Nyt 1lvNy ace the corresponding quantitics for the equilibrium gas phase), It ts clear that a knowledge of 
the values of and for given values of the independent varlables py and ty will permit us caiculate 
the values of a, and ay. 


The first case that we shall examine fs a completely wivial one, For a homogencous surface (asa 


special case of heterogeneous one), Equations 4 may be clearly written in the form: es? 
i mua te vhat = the expression 6; where tne maxtuum adsorption ina 


eculaz layer, the value of a™ {s the same for eacir sunpenent, The alicrnative supposition fs not compatible. 


with the molecular—kinete picture upon which the Concept that we are discussing ts based, and k tends toa 
therinodyna: We have examined th's question in cc:all [SL 


After the of our paper we of a payet which had previouly notice, by L 
Krichevsey, (2 Phys, Chein., 742, 1934). in witch, before out work and with eahanctive contpicteness and 
riget, tue ty of the pestulite al ost with the Cible Duhesw equation was proved, 


x 
: 
: 
| 


-F.om this point of view the weH known work of Machen and Benton [6] on the adsorption of gas mixtures Is 


not valid, since Is there assumed that For the same reason certain conclusions of Lewis and co- 
workers [7] are invalid; they alsd assume that # af”, 


Since the cocffictentsb, anc by can teadily he for a homogeneous surface data oa 
the absorption of the pure components, Equations 6 give a completo solution to this problem. 


For our ‘further cons'derations, the following remarks are of Importance, If we plot equilib:ium psr- 


tal pressures py and py along two axcs of coordinates (Fig. 1) avd valucs of 34, ag, OF aye along the third axis, — 


then it follows from Equattioas 3 that the projections of the summation tsoxcres of adsurption dy_ = const, on 
the plane ay = 0 form a fainiy of parallel stcs*ght lives havirg slopes of —by'by; the projections of the ad- 
_serption fsosteres of the first comporcnt of the mixture cn the same plate a fam ‘ly of straight Lies, 
which, whea continucd, inierxct at one polnt having the coordinates (9, the rectilincar tsoste-es 


for the component, when cortinucd, also litersect atone poirt, which bas the cod:dizates if, 6). 


-Frem Equations 6 & follows that ike sclectlyity coe fftctent the case of a homogenccus 
does not depend on py and p, and is equal to the ratio of the coefftc‘erts by and b,: 


_ ‘The second spectal case that we shall examine concerns 2 heterogencous surface, and & may be for- 
mulated as follows, Let the diffe crence ta the encrgy Of adsozpt’on for a trarsition from adsorpt‘on s':es of 


one type to those ef another be the same ved 
each component: 


“Since 
(big certain constant, ‘the physical sig= 
nificance of which we shall con:'der later), 


the of Equation 8 Is to 
‘the cond!tion: 


= 


Figure 1 
By the use of Fovation 10 and an ex- 


‘amination of the tots! adsospticn tsothe:m 
= COnst.), we may rewrite Equation 4b tn the form: 


@)) 


Equation 11 enables us to determine the farm of the curve py ‘song which rematcs constaat 
other words, enables us to determine the e-1atlon of the projection of the tsostere for total adsorption on the 
plane a; = 0), kt is clear that along this curve 


Equation 12 satisfied 


ay 


12 has no other solutions, for a with the sense of the involved. 
in te funct:oa 


>. 


lt follows from Equation 13 that 


When the conditton of Equation 8 ts observed, therefore, Irrespective of the form of the distribution funce 
tion, the of the total adsorption tsosieres on the plane ay = 0 are straight lines, 


In the secord co:n:muntcation (8) of this series & was shown that, in all of the cases that we have examined 
Of the adsorption of binary miatures of giss, the projections af the tozal adsrpitoa on the plane a, are 
indeed sratgh: however, difficult, tf not impossible, to imagine an adsorption mechaaism for which the 
cund:zion of Equation 8 would be realtzed.” The question of the conditions under which Equation 14 can de fulfitied 
{exactly or approximstely), apa from the case defined by Equation 8, 1: therefore of some interest. 


‘Befo xing aa analysis of this matter we will sicw how the w«lectivity coeffictent a@ can be expressed 
when the a of Rasatinn 8 ts observed, For each given type of adsorption sites the coefficient @ Is expressed 
by Equation 7. Sines Equation 19 may be éezived from Equation 8, in thi: cax a remains constant for the whole 
azface (with the natural assumption that the ome ients big ¢o not change on passing from one type of sites to 


The posibity of making an apyroxtlmate calculation from Equation 15 will be discussed below. 


Aa examination of possibie adscrpilon mechaalsms leads to the view that fcr physical adserpuoa the most 
probad: e form of relationship between €,and will be 


where 8 ts some constant, which, in the case of adscrption due to dispersion forces, for example, is equal to the 
first approxt:nation to the ratio of the polarizabitisies of the molecules of the two components, From Equations 
16 and 9 we inay write i 


by 

whe-e JX tsa constaz. Compartion of Equations 10 and 17 shows that when B fs sufficier.tly close tn value to unity 

(le. ia nthe case when the stwrpilon ererg'es of the two components are very close together in value) all the 
_ Corclusions that can be rigorously d:awn from Equation 10 are approximaiely true also when the condition in 

Equation 16 is obsezved, the closexess of the approximation being the greater, the lower the value of é 26-1, 


© Ina discussion of the questions examined in this paper, SZ. Roginsky pointed out to us that — Mo < 
could be obta‘ned f:om a compartion of t the equation 


Equaticn the additional postulate that ef being made, $5 


| 


Thus, the condition most freq: vently realized practice, Le. thatexpressed In Equation 16, ts 
observed, ard at sufficiendy low values uf 6. of the (ot mn ef the distribution funct‘on, Equations 14, 


and 15 must be approximately cozrect, In the hm:t, whea § = 0, the condition of Equation 16 becomes 
equivalent to that of Equation 8 and Equations 14 ard 15 become stictly accurate. 


It Is easy to show that the second Iimit'ng case, when the coinponents of the mixture d'ffer gear Sy ia 
their adsorption energics (more exactly, when S>RT, which {s practically equivalent to the 
that 6 must be a quantity of the order of un:ty or greate:), corresponds tp the solution given by Rog sy and © 
Todes [4] (with the supplementary condition that €; grax €: mir >’ RT). these authors do rut inabe 
sufficiently clear that thes solution fs valid only unde: the that > RT *, we coms de-ed 
desizable todiscuss this matter briefly. We shall confine ourselves to an analy<'s of only two of the concls‘ons 
that Rogin&ky and Todes reach. 


The ratlo of the deg-ces of Milling of a giver type of admrption atte by the two components is¢ 
by Roginsky and Todes fiom a fo-mula that has the foilowing fom our rotation: 


If fy sod are of the same o-der (ard all the more if p. Spd. Rogirsby and Todes cov s‘de- that for all 
types of sites the value of may be regiected comparison with li ts clear that th's conclusion ¢s wai'd 
only if > RT. For suffictently high valves of p, 03,9, may 2ttats the valce of batty defirste 
value of €, = €;°) From Equation 18 we obta‘n 


Roginsxy and Todes consider that when ther 6, may be negiec wed tn comparison with 


and when then 6, may be reglected in comparison with fs quite obvious that this 


conclusion ts valid only 8 -1)> RT, and th's co- dition ‘s practica'ly equivalert to 
6 > 1. 


It should be pointed out that among the cases co-sitered by Rog’ssky and Todes there fs one for which 
the condition s>1 fs not requted. This is the case when there ‘s so comelavon between the sdsorpi‘on | 
eretgies of the separate components It was for this case, however, that these authors did “ot find Iz 

. possible to exclude the distzibution coeffictent froin the expressions for the adso-ption of the mixture. 


Lez us retu™ to the analys‘s of Eqiat'ons 4, & 
may be considered that t= the of prys'c 
adso'ption the most inte-est"g case fom the pzectical 
point of view occurs when the condit!on i. Equation 16 
is-ohserved ard: the value of 8, altho. gh close to un_ty, is 
rot so close that Eq-at_or 10 may be conside-ed a good 
approximation to Equation 17. in this case, a fairly | 
approximate solution of the problein is possible a certa‘n 
itm ttatcon (in our opin'on, & quite natural ts 


placed on the form of the dist function, We shall 
cons'de> that the dist: has 2 fatrly sharp 
“maximum. Physically, this means that, although tymsof 
Fig. 2. sites assoc tated with widely diffesing sdsorption ene-g'es 
(and there fore adso: ption coefftc tents) ave to be found on 
the surface, the proport‘oa of such sites fs compeatvely 
: low, In other words, the inceg-atios tn Equat’ons 4 may 
- be carnled out, to a good approximation, by using as limits not 3nd Dut the considersbly 
marrower limits b* and b* (Fig. 2), b* and b* being such that outs:de them the hes. 
values not far removed from zer0, “ht ts clear that Uits merhod of trteg:st‘oa funpites the neglect! tng of 
© The condition 45,7 S> ART expressed cleaty by these authors. 
‘ : 


== 


the waded in Fig 2 comparsor with the whole area under the curve. Is obvious that the posit. ons 

of asd caver be exsctly; they are detessatned by the form of the distriburion curve and the desired 
degee of accwacy. “tts clear also that such a metho of integ-ation ts tnappi cable for very low degees of 
fGlirg, for wich the rejected types cf sites may play a decisive part, - 


Let us determine by what factar the raulo may in th. range from b* to From 


where ard are val.es of the adsorpiion eneray the first component to 
adso-picoa coefficients b> and by. 


Equttion 20 shows that, in the es:e under examination, by; may be the better approximated by means. 
of some constact (with: the tange by /by to by the lower the value of ) (8 in comparison 
with RT. Again. for a gives degree of accuracy in such an approximation, the less the difference in the adsorption 
energies of the teo compcnents, Le. the nearer B ls to unity, the Jess as the need for na:rowness In the interval 
ej ~ «3. In the limit, when 8 =1, this interval may be as wide as we lke. On the other hand, the narrower * 
the interval <7 —€j, the less the itmivtions to the value of B. In the Iimit, when e7 — ¢j is very small, B 
may have sty value we bike, In ‘the general case, as al*eady stated, the possibility of approximating by /by 
by means of some constant ts detezmired by two factors: an insignificant difference in energies of adsorption 
and a comparatively narrow “ance of heterogenc!ty® over the main part of the sucface, was shown above 
that, if by,’by a> const, then Equations 14 and 15 are approximately tue. 


We consider that the case characterized by the condition: 
unl‘ke the Iimiticg aiveady examined, Is fairly frequently realized tm practice, ay 


Th:s assertion. of cocrse, caczot be proved directly, for we do not know the values of the local sésorption 
energies its support, however, we cat advance a number of indirect acgunents. Comparison nef experimentally 
devermined heats of adso-ption for varfous gases on the same adsorbent and attempts to evaluate the relative local 
SCIPUON energies OF difleremt gases on a Cefinite type of adsorption sites from the relative polarizabliitics of these mole- 
cules show that the factor 6 —1) very often has the value 0.1 -0.3. With regard to the factor (ef — €j), although its 
quantitative evaluation Coes not appear to be possible, there is reason to suppose that it is small for the adsorbents that 
are most importunt: Feacticall ly (active cartong silica gels). For silica gels this conclusion follows from the expeziment, 
for example, of Kiselev ard coworkers [5} who showed that there was practicaliy complete coincidence betweer the 1- 
called “sbso) ste* adsorption ikothesms of nitrogen and other vapors on silica gels of differing origins and structures, AS 
it is improhadie shat such different silica gels would have surfaces of identical heterocencity, it must be considered 
that.a substsatisl part of their surfaces is fairly homogeneous, which means, of course, that he ditference: 

— ¢3) smal, 


For active the following considerations are as indirect this Polat 
of view: 


2? bp” as ts wel! known, the stutist*cal thory of adsorption [2,3] icads tn th'!s case to an exponential 


of the surface wi th to the of local adsorption Ae, to nacTowness of the 
imerval «3 —<j. 


2. inccesse in the degree {2lirg of the the differential heats (ee, 
@.g.. (8) at first fail sharply, and the further fliling of the surface then occurs very slowly, Atthough it is 
impossible to pass quantitatively fom such a curve to the distribution function with respect to values of 


local adsorption this ‘s a that over the mala the surface 
value of € changes very} ‘tte. 


3, Acatysis of the charscte-tstte curves. sled Racushkevich to the conclusion that active cartons, 
with respect to the uf "elementary ad:orpt'on voluines® form exuemely monodisperse systems, 
appears to us that conclus‘on ¢s also accord with the idea that over the main past of the surface 


‘the value of € changes table extent, 


1. Adsorpeton tsotherm for cazbons can often he well by type 


-adsorpl‘on tsoste-es Tot pirsilel 
Curve inc esses soincwhat with he degee of 


along cach as by the approaursts 
the deg-ee of fling of the suface, 


rise in degree of flilirg. of the slove of ¢ 


must de the lower, *he g*eate> the 


ds ta he regretted thet te exact cally on ths Gas 


mixtures in the Literatres therefaze, the results ‘of the ars’ysts made above with expecurent, 
we are compelled confite ourselves ty Imeaswen ents [5,8] of the stimultancons adsorption of exh 
ard catbon dioxide (at 25}and of et thylene and propene (at T° and 25) on active carbon, 


We will first pot: xt out thet in atl the systems studied the rule relating to rectilinest pro ojection of 


the total sdsorptioa isoueres on the place 0 ts closely obe ye 4. Fig. 3 shows families of such 


for the case of ethylene-popene. On this 


figure part's! pressures of ethylere ave diated | 


alorg the avs of abv and those of 
ull tea csent the cf the 
total ads> for ard “pe 
broken th-es for 25% The ~wirbe> 
each line cates the of 
the fo: the giver 
in millurotes per From 
of view the fart of the linearity of vee 
3 of the tert thot 
in the sys*ems that we hive studied tre. 
of Equation 21 wis realized, 


We will potst out further that, 23 faz 
as be juzged from the sume cal dita 
giver im the paper of Lewts and cowo:hers Ot) 

relating to the of busy gis 

mistuces th’s rile appl'es also the stern, 
sndied by them, When ts obeyed, 
it ts evidertly ve y to ct 
giv f2-¢.0f from te | 
acsotior ef the two pics 
COIr po: 4728, ; 


Fe 


Cortrary the req. of the theory above, the poject'o-s of the 


The absolute of the siope of the eupe “urestal 
rg of the 


As wis Show” in o> pev'ocs pe pes [8]. the se“ect’vity coe a: 


From the pow? of pese-ced th’s panes, it 's essy the care of the 
tht pojecctons of the trai ‘soctees; and tre of 


the decrease the selectivity coeff ay. the lowes the deg-re of flitrg. the g-este- mes? be 
the effect of the adso: he-tng the greatest #40 


Equations 10 ard 16 that the absol.ve wal ve of the slope of the projes ins of an 01 the 
fleet of havirg of the-efae greate. alice of 


2 iscles: fom compari * af 


Eliminating €, Equazions 15 and 16, we find Girectly that hawirg & higher value of 


correspond to h'ghes values of the selectivity cocfficte2 With teducticr fm of 
therefore, the incan value of a, over the whole surface inust incresse, 


The approx‘mate satisuical theory in this paper fo: the gis motors 


therefore in good sem‘ quirttative ag-cesnest with the vesults of Ac the seme tuve this >: wy 
cannot yet give quis 


tative solution of the problem formulsted atthe begin of the pape-, it 


not indicate of calculeting the selectivity coefficient this cowection, let ta 


Conclusion, the question of the poss Dility of An apadstumate estunate of tle valve of this coeff fein 
Equation 15. 


| 
| 
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Stating rom the concepts of the sunpies: adsorption scheme of sails. we may write 


Dis 


M,; ard M, ate the ino! tecular weights of the adsorbed gases, As regards the value of €y. Which enters 
Lito Equation 15, we’may atiempt to replace it approximately, for not wo jow degrees of {illing, by the difference 
-tn the d:fferential heats of adso-ption qj of the two pute componcats at identical degrces of filling: 


_ There can be nox doubt that this approximation ts not paticularly accurate, and it is permissible only 


in those cegions where tle curves of diffe-ertial heats of adsorption against deg-ee of filling have low stope, 
1a favor of the soundress of such ar approatmation, we may argue that ihe difference (qz automatically 
takes account of the pact pisyéd by sites havirg higher values of adsorption exergy, and that the use of this 

difference intead of must therefor ¢ lead to the experimentally observed dependence of agon 


‘the degree of 


Substituting Equations 22 23 in 15, we obtaln: - 


Using the values of ag and q,° that we obta:ned for the adsorption of pote ethylene and pure propylene 
on carson (8) we have calculated the value of ay for the system in which we are imerested from Equation 24, 


Tacs cdiculation gives 2 somewhst re good agreement with experiment, as will be seen from the 
table. 


In spite of this ageement, we are not re pared 
assert, as yet, that this. method of calculation ts of a 
suffictently universal character’ 


The authors are deeply g-ateful to M Dubinin . 
and B. V. Dyin, who have shown constant interest in this 
investigation and have helped us in maay ways The 

authors consider it their cuty to acknowledze thelr 
incebtedness also to S$: Z. Roginsky for interes cig and frutful discussion of the results given above. 


SUMMARY 


4, An examination has been made of the general eqeattons 3 yielded by the theory of the adsorption of 
brary gas mixtures on heterosereous surface in absence of intezaction. 


2. Antic dication has been given of those cases tn which It is possible to calcuiste sienna from 


wes 


mixtures from the known totheuns for. the —, of the pure components, without intermediate determination 


of the distr‘buzion 


3. A rule has been ‘deduced relating to the scsi character of projections of touetes for total 
adsorption on the plane a; = 0, and the lumits.of applicability of this rule have been indicated. 


4. A method has been given for the approximate evaluation of values of selectivity cocffictents in 


those cases in which the tule of ectilinea: Isctherms of total adsorption holds, 


Sr compa:'sor has been made of the concluslons-obtained with the results of an experimental 


{Investigation of the adso-ption of binary gas mixtui ures On active carbon, and ut has been shown that there fs 
good asecement between and 
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ELUC:* DATION OF TRE RGLE OF D: “FFERENT ADSORPTION CENTERS in THE 
. HYDROGENATION OF ACETYLENE OVER NICKEL 


COMM “CATION 2, ENVESTCAT.ON OF THE K- NETICS OF THE HYDROGENATION AND ACTS VATED 
ADSOR?TION OF AT A SCKEL CATALYST 


PL 


In the comm.s'ca on we the of an: invest'gation of the acz‘ve of 
catalyst with the of a ential ‘sotop'c method. The nickel stud:ed was pepa cd, foliow'-g tag ard 
Egupov s method by the alal’ leachi-g of a 50 & alloy of rictel with aluminum, Powerful activated 
adso-pt:on of aretyle-e the acalyst wis obe-ved at room A comstde-able pat of the 
acetyle-e wis bed te. co. 1d tot, be -emoved f-om the s fice 
scetylem, Wher the tempat was ta sed to above 150°, Lom scecylene, spp:eciable of 
hyd-oges acd methare were bed, 


owas estatished, with the a‘d of the method, thet the active sifae was hetero 
gereous with “espect to sre gies fo dew Cataly*’c reactions of diffeze-: types 
ocers active hears of and act'vation e-e-g'es, The 
reaction effected 9° & of certtets + of the surface, and these 
adso:pt‘o~ ‘se & pat of those which evecstble sdso-pties Occ Methare foomatio= occas 
at active ce~te"s cotespo-d -g 5 lowe: degree of fl.-g Le. havizg beats of sdso-ptisa avd 
activa: on e-e De. of w’tk seperation of hyc ogen 
compound of tre ia bde type occurs 


forinst.on of a 
case cf scerylere adsovbed more active 


Invest of the cs*alyst sites severa’ expe with the of showed tras’ 
fo-med by of ety'e™e wim 


view Of tue sted herve oge of tre active sifa-e, was to be of to 
acetyisce ard de‘e-m the wsy which the activatioie d=pr=ds deg ee of 
1, Deve of the Dist fo fo Active | Ads2"p*‘o- ere 3 to 
E-e “ne aso p:3- “tf Azetyte 


o-de- to tre with all tts sted also to f'-d the 
activation energy, meesaerrents mest be made of at least two kiretic “sothecms two tempest es (3) 


Repeat expe-trents o1 the of acetylese 07 the same sampie of catalyst -eve> give ag 
resulta, Fig 1 shows + carves fo- a se~tes Of s.ccess've ore sample of 
Between the expe: ‘sre ts, activation by prolonged degess‘rg at 10 mm Hg 87d 300500° As 
will be seen fom the g sph. ads> ptior at a feshly activated scface more thay 2.5 tumes tha fo.-d tr oll. 
succeeding experiments (Fig. 1). “re:ease of activaton temperature 500° d'd not improve the 
of the active Pog €ssive po son'ng of the catalyst occutzed in the sc cessive experime ms, 


The g sphs Fig 1 show that the kivetic adso-ption !sothezins satisfy the eq.stion ‘ocd 
fos the adso: payors of gists carbons, a'chelous oxide, zal on other catalysts: 


Q) 


the oppo-tun’ty of exD my deep patie de to M, Ya, for the X vay “08 


- 
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Kiretics of the agso:peion of acetylene tn bilog- 


Hae co nstarts the ne active sites to activation energies: 

tie at (4). As will be seéa from 1, when several experlinents are carled out on the same 
sample, polsoning Ls observed that has little 

effect on the slope of the curve representing 

the kinetics of sdsorption tn bilogar!thmile 

coordizates, In Table 1 the values of log A 

aod a fo: these experiments are given, It can be 

seen that @ increases for a polsoned surface (in 

comparison with the first expe:iment), and 

then undergoes lige change, H falls with 

palsoning, The absence tn these experiments - 

of an obvious relationship between changes 

in a and tr A indicates that the fall of A 


to carry out two reproducible experiments on the 
‘ same sample, it was necessary io use a fresh 
; sample of catalyst for each experiment, 
logt of all conditions in the experiments 
was an esserclal prerequisite for the obtaining 
of reproduc tble results. Samples of 0.5 g were 
taken, The nickel was first dried for one hour 


log, a ind logt; 1) Expt }, 
freshly astivazed sample; 2) Expt 2, ~sampie fom 
Expt 1 sctvated at 360°, 3) Eapt, 3, same 
sample activartd af LS hes; 4) Expt. 4, same 
sample activased at 350°, 1 hr, 5) Expt S, 
sampie at 350° 1 6) Expt 6, same 

sample activated at $00° 2 kz 7) Expt 1, same 


activation in these experiments was carried out 
under strictly constsnt conditions, The sample 
was degassed at 10% mm Hg at 300° fer two 
hours, with a tap immersed in Hquid nivogen 
attsched, Then, at the same temperature, the 
: with hydrogen. At the end of the reduction 
process hydrogen was pumped off, the tap was 
temoved for a peztod of 20 mirutes stds the liquid air tn order to remove the water that had condensed, and 
it was thea phaced in tolid-carbon dioxide. The final degassing of the catalyst was caried out at 500° under 


the vacuum from metcury condensation pump for one hour, Fig. 2 shows two kinetic adsorption isotherms 
obturingéd at and. ¥9.5° at the same pressure, 


The  cnstast characterizing the kinetle curve, which are sail from the ae of the kinetic curves. 


are given in Table 2, 


From the displacement of the kinetic measured at o and 19, along coordinate et log t, 


the comstarting dete rm!ned (-9,75), With the aid of the constants a, log Tg and A, the constants 
charactertsing the diguibutioa funeton of active centets.according to their activation encigies for the 
were found GL The form of the distribution is by the 


The var tat ion in activation energy with the sdsorptlon,. found from ts given in 
Fig The rises Lem 11 to 18 kcal/mole when 9, 256 to 2.56 ml/g 


~ 


related to the fall As it was impossible 


at about 120-150* in a stream of nimogen. ‘he 


rickel oxides formed on the surface were teduced 


q 
: 2 
q 
e g 
— 
se, 
: 
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TASLE 1 


Exp*. | Pressut 
So. nm 


“Temp. log A’ a 
(cal /moley 
2.8°1074 


Activation cond‘tions 


22.2 


Freshly prepared 
sample degassed 


| at 300° for 1 he, 

25.6 5.3: 10~* “At 360° for 10 

25.5 At 350° 1.5 hrs. 
25.3" $.1° At3so° lh: 

25.7 4.0-10°4 -At 350° 1 he. 
25.5 At $00°1 hr, 

250 4.7: 104 At §00* I hs. 


2, of the Rave Ads of the e Reaction 
Com mp.re- ts w! ‘th the Race Hyd of Acetylene Fig. 2. Kinctics-of the adso‘ption of, 
partic ules for the hyd of ethylere of atekel cichel: 2) Sam. S(T 
complete ‘s & stage which the act‘ve centers ace P 4.355 mm Ha). 
removed f-oin the catelyt'¢ acd the hydroge 
reaction provecds the pre sete [5] “2 was necessary 
to verify whetnes hyd-oge -4 pxeeds Out case by 


mechar'sm 43 well as by the adw~ mecha~'sm, for the hyd:ogenating group of active cemtets that we have 
might then be only a srrall of the catalytically active centers Coincident or nearly coin ‘dert 
of the rates of ptlon acd hyd-oge -stion wa.ld be an a'mos: yneq. ‘vocal proof of the presence of aa 


adso-ption mechan/sn, mech h’ghe: for the rate. hyd*ogesat'on would be for 
the othe~ mecha*‘sm., 


TA BLE 2 In oder two verify this we 

have cazr‘ed out expe*iments that perm! 

est‘ination of the rates of the trcttsl steges of 

these processes, The taitta] rste cf the process 

(expressed as the reduction in vol.me 

a mixture of acetylene and hyd-oge> (1:2, 

to Feshly activated stalyst-is 1.53 m] pe: 

min per g (Expt. 18), The of 

: adso-pt‘on of acetylene, alsc om a Leshly 
activated nickel ‘3 1.57 ml pez mir (Expt 19). 


The close values of the trial rates these caper'ments, 
howeve:, ca*70t be ‘ded a proof of the mechar'sm of hydrogenation, fo- was fo.rd tha tx 


Expt. 18, add‘t!o1 to hyd oge mat on, there occurred rap’d ttevers‘bie adsorption of acetylew. Expt. 18 a 
the trreve:s'ble adso-pt'on of acetyiere to 3.06 ml/g, and in Expt, 192.55 ml/g was bed at 
equilibrium, is odes to the tye valve of the cate of hyd-ogeration, compaat.ve expe uments 
were carted out ation ard sdso-ption over a sampie of catalyst ove: which @ pre par: y édso-p*'oa 
of acetylene hyd-ogen had been out, the sample being then degassed at 100m pe whe’. 

part of the reversibly adso:bed scetylene and hyd-ogen was "cmoved from the su:face, 


In Fig. 4, Curve 1 rep esents the kinetics of the hydrogenation of acetylene in a 1:2 m'xtive at 100m 
temperature (Expt, 20, Table 3). After the hyd-ogeaation the sample was aga'n degassed at room temper state 
and adsorption of acctylere was allowed to occur on it (Expt, 21) at a pressure of 1.01 mm Hg, tdentics] with 
the partlal pressure of the acetylene ta the hydrogenation exper'inent (Expt, 20). The kinetics of sdso-pt:on 
are represented by Curve 2 of F-g.°4. Com. parison of the in:t'al rates of the two processes shows thet tney ave: 
close in value, In the (ust five seconds, the pressure In Expt. 20 (on hyd-ogenation) fell by 0.26 mm Kg = cf 
one miuute by 1, 005 mm fig. In the adso-pitor experiment the ft'st five seconds the pressure fell by 0 
min Hg, and in one ints ute hy 0. 784 min kg. it will be seen that in case the initial rate of hyd-oge 
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5,88 
4 | 2.61 
S | 2.84 § 
6 2.71 | 
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2 
Fis. 3. Variation in sctivation energy of adsorption of 
 acetviene with the degree of on a sample 


of previsusy dried nickel 


4g 


 S0tmn 


Fig. 4, Kinetics of the hydrogenation of acetylene expressed 
33 the fall in pressure tn the reactor per g-ain of catalyst; 1) 
_ Expt 20, hydrogenation at room temp, on surface degassed 
“aher adsorption of acetylene at room temp.; 2) Exp. 21, 
adsorption of acetylene on sample from Expt, 20, degassed 
&ts00m temp.,; 3) hydrogenation at roorn temp, on the 
same sample degstsed at room temp after Expt, 18-21, 


— 


does not exceed the rate of adsorption. 
tn the course ef as will be seen 


fgom Fig. 4, the rate of hydrogenation 


begins toovertake the rate of adsorption, 


because the hydrogenating surface ts 
being continually renewed, Slowing 


down occwis in this case only as the 
components in the original mixture 


gre used up. In Expt. 20, altogether 
of the acetylene was hydsogenated, | 


the remaining acet:iene was adsorbed, - 


_ Of the hydrogen also, only 57% was 


used in hydrogenation, the rematning 


. 4% being adsorbed. The a:mount of 


adsorbed hydrogen was about twice as 
great as in Expt. 18, in which ad sorpuion 
of the hydrogen was carried out ata 
freshly activated surface under a preswie 
about three times as great as that of 

Expt, 20 (Table 3). 


The incomplete utilization of 
acetylene far hydrogenation could rent 
elther owing to simultaneous adsorption 
of acetylene on centers insctive for kydro- 
genation, or at the end of the process, 
Owing to Insufficlency of hydrogen at 
hydrogenating centers (resulting from 
its more rapid ad:orption). As the 
pressure of hydrogen In the mixture | 
increases, the amount of adsorbed 
hydrogen increases (Table 5, Exps. 

28-31) and that of acetylene falls, 

not however to zero, This fact ts 
evidéerce that the process of the adsoryzion 
of acetylene proceeds simultaneously with 
hydrogenation et catalyilcally inacuve 
centers, thus remeving acetyiene fom 
reaction, Expts 20, 28, and 29 show also 


that the rate of adsorption of hydrogen under 


these conditions ts of the same order as that 


_ Of the hydrogenation reaction, In experiments 
‘with 1:2 mixtures of acetylene and hydrogen, 


Owlng to the shortage of hydrogen dve to its 
partial adcorpuon, there is an increased 
amount of adsorbed acetylene, Experiments 
22-24 (Fig. 5S, Table 3) show the effect of 
temperature on the rate of hydrogenation, 


Ir can be scen that there fs no appreciable é 


effect on the raie of the process resulting 
from risc in tempetature up to 100°, With 
tise in temperature from 19* to 160° the 
amount of adsursed acetylene falls from 

37 to 25% and that of hyd-ogen from 39 to 
32%; the amount of bydcopenated acetylene 
tises from 61 to 7% The residual pressure 


y 4 | 
| 
oe 


TASLE 3- 


Expt... Pressure Of Pressure of Temp. Acetylere (ma: big). 
acetylene hydogen ("Ch hydogenaied | adso:bed 


(mia He, : 
temafsing hydrogenated adsorbed tematning 


(mm (som -Hg) a : 
33 - ' 6.068 4 0.547 | 
19; 2.927 19 - j 3.878 | - 
20 1.05 19 0.64 0.39 . 0.009 128. ,0 
23 [0.798 1.692 100. 0.837 0,298 0.039 1.094 {0.546 , 0.053 
24-4165. 2,568 200 (0.626 «0.385 0.01 0.995 + ,243 
28 [0.38 0.681 20; (0.205 (0.189. 
30 {0.373 51.502} 20 0.22 5 = 60.84: 0.492 | 0,369 
9.608 29 0.283 joosg oo 0.566 ‘0.918 | 2.09 


of acetylene and hydrogen rises (Expt 23, Table 3}. 
Increase in the partial pressure of acetylene (Exps. 
25 ard 26) lowe:s the degree of adso-ption of hydrogen, 
"probably owing to the rise the cf hydrogenation, 
When there is 2m exces of acetylere, a past of the 
hydrogen previously adsozbed on the scface uilltzed, 


The follow'ng conclusions can be drawn from 
- thts series of experiments: 1) hyd:ozerstion of acetylene 
passes through the stage of compicte adsorption: 2) in 


add:tion to hycrugenstion adzorpiton, which ~emoves 
2 4 acetylene and hyd-oges from the *eaction, takes place 
Fig. $ Dependence of the bireties of the: (the adsorption of acetylene unde condivons ts 
fo accord with the fact tnat not all centers that reversibly: 
hyd:ogenauon of acetylene ina 1:2 
adso-b acetylere are hydege cents); 3) adsorption 
acetylere hydrogen mitatuce on temperature: 
of bydogen finc-eases in Presence of adsorbed acctyicne; 
1) Expt. 23 (T 100°, P of mixture 2.487 mm 
4) the catalytic ectietty does aot change peat 
3.29 mm Hg). 3 3 pressure Of acetylene recessa-y yd oge 


6) pticn of hydrogen in presence of scenjlene is 
higher than ata clean 
Discussion of Rewtts 


The “esults given in this communication taken together with those g'ven tr: the first communication 


us to certain conclusions concerning the mechanisin the hydrogenation of acetylene and Ge formation 
of methane at a nickel surface, 


&) Hydrogenation of Acetylene. As has been shows, the of passes Unough the sage 
of complete adsorption. Catalyuc activity ts confined to a siall group of adserption centers Occupying about 4 
of the surface. This group of active centers ts chatacter:zed by def:ntte values of activation energies ard heats of » 


adsorpt‘on, On a sample of low acuity hydrogenation proceeds at active ceptets having activation energies 
15-16 kcal/mole, on an active sample the values ate lower, 


Expersunents w'th the differentisl isatopic’ method have shown that hydsogenation proceeds on a fiactwa ot 
the active centers on which teversibie adaorption of Scetylene Occurs, The first hydrogenated port.na of acciplene 


dq 
i 
; 


for (rin. 6, 


fs in Bll cases close In te tint. porion of acetylene at tempe> Mue. Th's imol’es 


Wu ACL Sf 3 active cemes having minsvan, sblrost activetion ezergies 
shaded region 


Hydrogenation does not occur at ‘active higher 


might te tatore of the enaiton be én grometic proxunity of 


acetylene acd bytrozen adsompitan Account must be taken 3lso ae fsct that in experunents in 
dsorped and then the catalya ts rough! ito with acetylene, only a small 


watch hydoees is 3d 
amount of product, mainty ethyléere, 


ts formed, This is evidence fat the mechanism of of 


adsorded acetyiene 8 of Lteraction with frve 


The mechasisn of hss beea 


of Ve of The hydrogenation of acetylene Ls more coraplicated, We shall sticinpt to give 


A will be corsbtent with ow The stage is the reversille 
acetylene wid Liss aad te weabeaing of & sccond: 


| 


ca ¢ 


The second sace is the of adumbed acetylene with In¢regen adsorbed on ee tghboring acuve centers: 


In this ani 


(2) 


complex !s formed which corresponds to ethylene tn composition, This complex 
may eithe: Se coaverted ethylene ané pass che gas phi 


adsorsed frock the gas pba on a active cencer: 


wing touke presence of an excess of hydrogen, Reaction S proceeds more rapidly than 
Reaction + acd the rario of exhylene andedisne, rbe in tempersiure, the rate of the back 


Reverse 


Fig. 6. Form af the curve fos ac tivation ee 
of By activation ere 
tegion eb) 
commen, 


reaction (2) kicreass more rap'dly thac that of the 


Or undergo further reaction with hydrogen 


forward one; for this reason the apparent temperature 


coe fficten: of the hyd:ogenation teaction 2e70 oF 


even negative. B may he considered that the caum 


ef the nonoccurrence of hydrogenation at some 


of the active centers that reversibly adsarb acetylene 


is the necd for @ cefinice degree of weakening in 


active centers. 


the double bond, which does not occur at the tea < 


db) Mechanism of Forination of 


Formation of methane over the investigated catalyst 
occurs Only above 150°, Formation of methare 


both {n presence of by¢rog=n on the gas phase, and 
also in Ns abecrce, Owing to the red‘stribuiton of the 
hyd:oyen of the acetylene. By the use of labeled 
me thine it was found possible to show that methane 
ts forined 90 a definite group of active adso-ption | 
ceaters by Ln:ermed’ste values of 
activation energy. Forinatton of inethane oce ws 
at active centers having lower vives than 
those for centers at which reveistble adso'ption of 
acetylation Occurs (we Fig 6, sheded region ab). 


| 


The stage of this reaction !s the adso- pean of acctyiere, Being adsorbed on active centers differing 
in heats of adso-ption. the aectylete mulecules suller Interral bord breakdown in differing degzees. On active 
certe’s having low heats of adsorption ard h’gh evergics of activation, the bond between the carbon: of the 
acetylere molecule srouger than that betwera carbon and nickel atoms: om these active cenicrs 
reversble adsexption of acetylene occurs. On active centers having higher hears of adsorption there ace stronger 
bords beiween carben and nickel atoms, commpaiable with thos between the carbons of the acctyleae inoleculs, 
With ‘crease in temperature, further stvergthe-'rg of the bord between pickel and carbon occurs at these active 


aud f:nally pisces over into a carbile type of bond, the ogen being oa acighboring 
active centers, or given up to the gas phis. 


React of the sucface ca bide with hydrogen ara te mpetature of above 200° Leads to the 
formation of methane, Formation of methane (also frou adsorbed acetylenc) at 156200° proceeds by another 
mec han'sin on centers that are Jess acUve thar thow just We give below 2 scheme of procests 
lesd'rg to the fo-mation of methane at tha coup of active centers: 


| 
NON 
NM 


The first stsge ts the adsorpt:on of acetylere 07 aczounr of the breakdown of one of the s-bonds. A second bond 
thes becomes unstable, ard the sate of the molecule approximates to thu of a radical, so Uist hydrogen readily 
combines with evidence for this ts to be found in whe incieised adsorpuoa of hydrogen in presence of acetylene 
adsorbed on the surface. The secon! stage, theefp-e, occurs tapidly in presence of free or sdorded hydrogen at 
room temperature, it cdiowld be nowd cut th: high stegch of the bund between carton and nickel aloins at 
thts of active ¢ertery exclak:s possibility of desorption of ethylene molecules from them... The third 
acd fourth stages occur onl at elevated temperature, fo: the act'on of hydrogen on adzorbed ace tyicne at 
temperature does not lead to formation of methane. In absence of a aipply of hydiogen from dteet, the se 


reactions occur by the ai¢ of hydrogen separating above 150° by the reaction: 


It Ss charavteristte thar methape and hydrogen always appeaz simultaneously in these experLuents. The for:nation 
of hyd-ogen occ urs, eweatly at the syface, and rot tn the gas space, for in our experLnents the desorbed gas’ was 
zemoved fruin the reactor space into another space with the afd of a circulstion pump so thar the gas presure above 
the cetalya during desorption did uot exceed 10 “mm Hg Polsoning due tothe adsorption process, which was 
ohverved after the first adsorprioa experunest, ts probably ssiociated with Reaction The active surface ls not 
testorcd by activation at 500°. This carbon ‘s only partially removed in presence of hydrogen at teinperatures of 
above 300° (in the form of methane), Methane formation was observed also in the repeat experinents, but on a 


reduced scale, thus iwicating that, as a sesult of the reaction, mcthane-forming centers are (rocd. This &s in 
accord with the proposed mechanism, 


SUMMARY 


centers differing in thels heats of adsarption and sctivation encrgics ffer also 
ip catulyvic properticy, The bychogenstion and methane-forming tcactlons of acetylene occur at 
disferems groups of active centers, differing in thes heats of adsorption and activation encrgies 


2. A mechanism has been proposed for hydrogenation tn which the first stage ts the reversible chemical 


adsrpt'on of acetylene. 


3. Methane fonnat‘on occas hy two processes, ane of which proceeds ata higher via the tedve- 
ture of anchel carbide, and the other proceeds by the ny of parthally hy ace 
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molecule at the carbon —carbon Linkage, followed by sdditton of a bydwpen molecule, The process Occurs 
at actiwe cenw 3 waving very high heats of adsorption, and the second occu’s at active centers having 
heats of 
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COMMUNICATION 3. SOLUBILITY 1SOTHERMS FOR THE TERNARY SYSTEM: 


s. Z. 


the so-called perhydratcs. Na 


Fig. 1, The system CO(KH,) 44,0. © ) Janecke’s results; 
) Blindin’s results, 


The fact that ice and hydrogen peroxide forin solid solutions ts in contradiction sihth the uate concepts 
conceming We possibility of for:ning solid solutions of ice, In 1950 Kubaschewski and Weber 13], inamore 
accurate detetmination of the transition polats of this system with the aid of cooling and heating curves, 
determined the positions of the Mquidus and solidus curves and confirmed ~—" and Maass’s rcsults concerning 


the presence in the system of pals of solid solutions, 


SYSTEMS CONTAINING CONCENTRATED HYDROGEN PEROXIDE - 


Makarov and B. A. Lebedev 


In 1875, Shene {1}, prof fessor at the Moscow Agiculwra: Academy, found that hydrogen peroaide can : 
combine with a of meal dloxizes, forming double compounds, €.g. 2H,Q,, ete. 


inerous investigators have since shown that compounds of this type are formed’ 
not only by metal peroxides, but alwo by many salts, weak bases, and certain organic compounds having the 
properties of weak bases, The study of compounds of this class procecced, ver, entizely by preparative | 
methods, In the present investigation, enlike-previous Investigations w 


the conditions are determined for the of TOMA) H,O, in the sysern 


curve, si2rting fom the eutectic point and fiilshing 


studied the liquidus line of the 11,0,7H,0 system 


‘compound 1,0,°2H,G is formed, In 1940 Giguere 


tzegard that of Janceke PY, 


The binary sysiem, CO (NH,),“H,0 has 
been studied by several authors (3,4,5.6,7)} from 
1902 onwards, The investigations of Jinecke [6] - 
‘and Eitndin [0] are the mog inicresting 
Jacecke studied the course of the wea solubility 


with a solution containing 95% of ures. The eutectic 
of the systém occurs at —11.5° at a concentration of 
32.5% urea. The curve for the solubuy of urea ts ; 
featureiéss, thus indicating the absence of any 
hyd:ates or polymorphous fization of urea, 

Blindin [7] fourd one point on the ice curve and» 
two on the urea curve, thus permitting a dctermina- 
tion of the position of the eutectic point, which was 
in good agreement with that fourd by Janecke. Thus, 
these wluduity data practically define the whole of 
the binary system CO(NH,)“H,O over the whole 
concentation range of both components up to 
the meliing pot of urea, 132.5° (Fig. 1). 


Information on the second binary system " 
H,Oy-H,O began to appear in the Ittesature in 1900 
(8,9,10,11,12,13] In 1920 Maass and Herzberg 


by the visual method and showed thar the chemical —_ 


and Nuaass confirmed these results and supplemented 
them by a study of the solidus line; they showed that 


201d solutions were formed in the system by ai! the 
soild phases, 


q ; 
43 


In Fedrusty 1951, however, appeared by Foley ard G'gucre [14j tn wh'ch the ealsterce of sold 
solutions of water in hydrogen perowde and of hydrogen peroxide tn water ts completely reiected, The composition 
of the ph was determined by the method of the third indiffereat componert: potassium chloride, in 
order to prevent completely any possthle dispiacement of the equilibriuin between wate: and hydrogen gerroxide 
owing to te preance of an apprectable amount of potassium chluride, the authors repeated thet expe: nents, 
- using the method of laheled atoins.. As the third component they used radioactive phospho-us P™ (in the form 

of potassium crogen which in respects was quite suitable for this pxrpose. The 

results of these experiments coincided 

with those previously obtatred and 
confismed the abence of sof!d solutions 
in the system Independertly 
of th!s work, Blorov and [15} 
who deterinined cooling and heating 
curves by the visual method with great 
accuracy, also established the absence 
of solid sojuzions fn this system (Fig 2). 


There are no &32a for che system 
CO(NH,) 7H, 0; .Tanatat first 
obtained the compcucd of urea with 
hydrogen peroxide CO(NH;),° H,O, 

_ in Russta in 1908. There bawide . 
patent Itterature of ures perhydrate 
and tts preparation under 
and tadusrial cosdifions. 


The tersary system 0 was inv esicated by in by thr visual observation 
of the separation of the first crystals from aqueous solutions of wea ard hydrogen peroxide m given propo:tioss 

seciloas Of he system. ZBnecke took 11 sections with solutions of 342% of 0: and 5-66 of 
urea, From the results ffem these sections lanecke constucted a dlagcam for the ternary system, 
in the ice and urea Perthydiace regions, and partially in the urea region (Fie 3). The rewlts obtat.ed by such 
mevod make {t poschle to cacsmuct a diagram that is sufficlently accurate as a first approximation, The 
method chases did not permiz a direct dete:mination of the composition of the Liqu'd phaje at the transition 
points of the system, and these poinss can therefore be considered to be known only approxtinately. 


Fig. 2 2. Binary sytem 


EXPERIMENTAL 


‘We investigated the ternary sytem by the tsothermal method at three temperatures: 
0, 5, and 10°. The procedure consised tn the preparation of a saturated solution which was in equ tbr‘um at the. 
given te:nperatuze with corresponding solid phase, the pemnitted Iimits of temperature variation being 
Equilihitum was established under good in 144 hours, écpending the content of the iguid phase, 


The eriterion of the atvatumest of equilthrium was of corcentaticn in two consecutive | 
tests on the Liquid phase. 


Analysfs of the phase ad the tes'due for hydroger. was out fodometitcally, and urea 
was dcterinined by converziog .nto ammon's follcwed by Kjeldahl distillation The compossion of the sol‘d phases 
was cetermined graphicslly by the method of residues. The carting @aterials were wea of of Schoring. 


carefully purified by reécrystal ‘zation, and hydogen peroxlde co: freed from and comentated 
in vacuum to an content of 10-80 


In experiments in which a weater concentration of hydrogen pezonide was in the Iiquid phase we 
wend weap perhyd-ate in place of urea, the pethyd:ate being prepared by the action of perhyd:al on crystalline uzes 
at This product, after being dr:ed between filter papers in the ats had practically the exact hyd:ogen 


content that is theoretically required for HO}. Wien kept for a long time absence stabilizer, 
it dowly decomposed, with sepazation of peroxide, and 


The reailts of the of the terrary system for the tece atures, 0, 5. ard 10", sre shown 
In tie tabie in 4, €). 


| 


2- 38.07 200 | £8.93 | 7933 ; 0.76 | 1991 CONN, 
4781 { $92 | 4627 | 90.39. 10,17 CORKS, 
|. 4780-1 602 | 4628 633 ! 10.59 # HD, 
5 48,22 5.9 | 45.80 | 86.19 4,0, 
42.38 §.30 | $2.32 | 5910 30.28 10.62 ; 40, 
19.33 13.78 | 65.89 | 59.92 28.60 ' 1148 HD 
20,52 15,29 | 6419 | 5851 32.27 | 921 
11.24 16.31 | 66.48. | 57.07 32.40! 10.53 + HO, 
10 12.71 32.20 | $009 | 5493 | 34.47 10.60 COANHY,- KO; 
11 9.71 $6.19 [ 34.10 | 37.84 4 


the concentration range stud'ed, up to 60-20% 14,0, ta the Uqu!d phase, no othe compounds conta:ning a geater 
amount of chemically combined-hydiogen perox'de were detected, 


TABLE 


Results of the “ave stiga tion the at 0, and 10° 


COWMHY, 


440 + 06.0 | 56.00. ' from solubity diagram 
1 30.86 202 | 4212 . 93.62 0.34 604 
3 51.22 6.28 | 42.50 90% 498 ' 492 COCH,),- 
28.04 12.61 | 5935 $8.02° ; 2956 1242. HO; 
5 15,94 1898 | 65.08 <3.00 32.23 COWNHY,- HO, 
14.36 27.27 | 58.37 60.22 | 94.1€ 5.62 HO; 
1 9.22 62.73 | 28.05 40.40 37.63 


11.07 


2 47.81 | - - 

3 51.84 S79 | 42.37 9218 . 294 1988 

4 5326 | 698 | 3976 | 6808 1837 1335 

5 40.21 , 903 | 50.76 62376 +; 3483 ; 141 | CO&+H),-HO, 

6 3425 | | 56.73 | 30.34 12.93 COSHH 

1 1333 2531 | sose | 60.02 35.19 | 479 CO 
8 17.81 28.34 | sass | $6.82 34.927 | 8.93 CONK)-HOy 

9 9.48 $1.14 | 9278 | 56.84 3912 | 404 | HO. 

10 11.56 70.51 | 17.99 ‘| 4003 


‘The solubility tsotherms for the system n CONH, - HO are characte ‘zed by the presence of two 
sponding to the equilibrium cond‘tions fer the solid phases and CO(MH,),°H,C,. Ove: 


Up to content of approxtm zely 5-1% the solubi tt! ity of urea rose to 48 $i% along the cor- 
responding to the conditions for the separation of CO(NH,),. At higher concenuat‘ons of HO, the solvb‘I:ty of 
urea fell sharply, to appfoxtmately 10%, and the equilibttu:n solid phase became utea pe: hydrate “HO, 
The wanstion points on the tsorherms cortespond Ing to the presence of two solid 


Varied in coinposttion toa compatatiuely ins! tentficant extent over the temperature range studied 


> 
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Fig The ternary 4, 0° Isotherm for the systern 
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of solub:Lzy data for concentations {5 the quid phase of h’ghe- thar. 10} presents 
"certain teulues. ‘the soluttans becoine unstable, ard decomposition of hydrogen peroxide becomes appres ‘able, 


When the ‘sothe-ms far 0, 5, and 10° are with data fom sorte ms, de: 
gaphically fom extiors cleaidy wvexied, [ithe nO, 
tsothe irs (Ul app tably bebtad thec-edtatned by method it clea that this phe omeon 

exclsively to the of Cue egal lau, Owls y to of the 
sol.tions of wes ard ‘de the polytespad method. 


Hy} 


SUMMARY 
1, The system COM“ hess s.died Sy the method at 0, 5 and 10°. 


of two branches, corespording to two sol's phases: avd 
3. Usea peshyd-ate CO(NH,),° so called “sol.d pe hyd:ol”, about 17 0% of active oxygen 


and is cong-uertly sol-ble in water, Ina of cases tts aq.cous solutiogs can be used 4s solutiors of 
hyd-ogen perox‘de, 


4, On the branch fo: with CO(NH,),- thee-ts a chazacteristic sha-p fall tn of 


urea from sdout 50 to about 10%. Hydcogen pe-oxide at of geste than 
action wea, 


5-7 has a salting out 
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HYDRATED CALCLUM SILICATES 


N. A. Toropov, A, I, Sorisenko, and V. Shirokova 


Hydrawd exicium silicates have far a long time the attention of investigators, and the search far 
tational methods for the preparation of these compounds has beea the subject of a Lazge number of 
The interea showa In the compouads reacts from a number of causea, First of all, study of the of 
fox reation of hydrated calclumf silicates may petmit us to understand the very complex of the hydrstion 
of Poetiand cement, the main components of which ae calcium silicates A knowledge Of the chemistry of hydratios, 
which causes the setting and hardening of cements ts of interest to techrolog'sts of the cemeat avd belidirg 
Mot Jess Lnportant a haowledge of the processes of formation of hydrated caklem s'licstes fo: dec'ding 
the question of the desirability of the of cemeata, which ls now generally coridered to determine not 
only the periods of mtiing and hardeaing of cements, bet also the final of the “store”, Firally, 

the development of methods of preparing hydsated calcium eifcates has been dtected toward a starch for methods 
ef roamxfacturing noncalcined cement, Such searches are based on the supposiitoa that silicates 
ahez dehydration at comparatively low tem pe: atwces not Jose the’s abdlitty to hyara= 


The cows that two methods have beea ceed for the prepacatioa of bydraced eaicizm 
sy chests, and syntheals fa which elevated presses acd temperatwes used, 


Among the earliest Lavertzations Cevoied tothe hydrothermal synthesls of hyd:ared calcium | was 
‘that of Daubdrde in which wollasontte was formed by heating calclum silicate glass with a of 


water in a glass ube at 400°, obecyed the famatioa of: trom bicarbonate 
silica gel at 400-425°, 


By heasing a mixture of lime and amo:phous with amount at chiarize at 470° fa 
48 hours, Schiapfer and [3) cbtalred hledrand te S!0,-H,O, The heating was carcied ost. ina 
sve: crucDSle in a steel vessel, The anthers observed the formatioa of at vaclois ratios 
of calcium oxide to silica, There are no indications in the paper, however, of the yield of product. 


Is an invest!cation of the farmatioa of hyd:ated caletum silicates Lomcalctun oxide and ficely sound 

quartz, Naga! [4] heated aqueous mixtures contaicing CaO and S:0, ta the ropextions $:1, 3:2, 221, 1:1, 1:2, 1: 3 
and 1:5 ia nickel crucibles contained ta aa aztoclave, Heating was caccied cut at emperatcces the range 133-212° 
for one to radays By the application of methods of chemical, miccowop!s and in some Cases, the 
author established that a six-day weatmert an avtoclave of the mos baste mixtures (C40: SO, 8:1 and 3:1) at 

212° led tw the formation of a product of composition 2CaG- $!0,° HO, simila: in ‘ts properties to artical 
At low temperatures, less baste mixtures gave sidstance of composition 2CaQ> (afwillte), and at 
higher temperatures, 0,25 (xonotlize), The author gave also the sesclis of a of the 
between calcium oxide and silica Im a strea:n of superheated aqueous vapor mixed with alr, 


Vigfuson and cowo:kers [5] have syuthestzed hydrated calc!um silicates by heating & a mixture esicism 
hydroxide with finely ground quartz sand in a platinum cricibie in aa Aztoclave at 170° in presence of a large 
excess of Ca(OH). The hydsated silicate obtained, which had the composition 2,07 FD, wis 
compares with hydzation products formed by the action of steam, ‘ia ore case On cement morta:, acd ta acother 
case pure dicalcium silicate, After removal of sad and lime fom the ce ment morta: formed La this way, the . 
sample had the composition 1.94 CaO- 1.14 H,O. The X-cay photographs of these samples, like thelr 
@ytical properies, were similar to one another, but differed: from those of ratura] hillebsaadte, Repeat sy=thesss 
of hydrace calcium silicates mixtures sicher tn lime (CaO: © 4:1) ylelded product which after removal 
Of unchanged lime and silica had the composition 2,14 Si 1,42 HO and gave ah X4ay photcg-aph 
fronf thos of the previous samples, The authors established that the composition of the hydated cal? ‘san 


silicate obtataed depends not only on the conditions of but also on the ratio C20: the mixtwe 
to be the hydrothermal treatment, 


; 
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feemed tn the sysem are cryzailine and 2 


Keevi, ant Thotwaldson [5) st the action of saturated steam on ticalcfum ac? B-ard 
sUicates. which were cottained fn plat: um ‘bles at $0 to 374°, Application of methals of chem'cal, 
- and X tay aralysis showed that aftes two weeks’ teatmert with steam at 170” both fo-ms of 


dicalc-sm s‘lcate gave ‘dentical crystallin prwucts, Calcination of the hy@ated d'calet_m s'‘l'cate gave 


B-2Ca0- S:O,, ret contatn’ng fee lime, Treatment of tricalcium silicate with steam at 110° y‘elded the 


hyd-ated calc !um silicate 2CaO- and calcium hydroxide. At higher tempe-atures the a.tho-s observed 


the fo-matioa of crystals of a matestal baving refractions of Ng = 1,597 and Sp = 1,589, no calcium 


hydroxide be‘ng when this fine-grain matertal was at f-ce 
lume and silicate were always formed, 


In fovest'gating the hyd-aul’c properties of a claytime matertal that had bee’: givers 
teatmest, fourd that a hyd-ated silicate of composition 2CaO- was fo-med f-om 
haoliotse acd caletum hydroaide roasted at According to this author's -es.lts, a hyd-othemal 


Ceaiment, paticulatly unde: pressure, cors'cezadly accelerates the process of fo-mirg 2C30- 
and increases the of the product, 


The review of the Iizersture made by concerning the system ca0-s: 0-140 shows that 
the syntheals of hydrated calctum sLicates at ordinary temperatures and pressures ts very difficult. It can 
Se seen from thisteview that even ti very papers Very contradictory are given, 
authors cons‘de- that, when s‘I'ca gel and calcium hydroxtde seact under ordtvaty cord :t'ors, 
of composiio1 SiO,- aq aq and 2Ca0- aq are formed, the last compourd beirg tn 
eqil:betun with a saturated solution of Other authors cousider that only ore compourd of compostioa 


Warytg betwee= 4Ca0- aqacd 2030- S:O,-aq can exist in with a satucated of 


bytrox:de, 


As Mikhaichenko [5] showed, the raze adsorption of lime by slica at temperature and pressure 
depends to an appreciable exteat onthe degree of hydation of the silica, According to the author's results, 
move hydrazed silica absorbs Ite more ready than less hydrated silica does, The abscrption of lime hy silica 
tg essentially a chemical process 


The invex'gat‘on of the system O by Taylor [10) shows that the hydrated catc!um s'I‘cates 
confirms the results of opsevatioas 
we of hyd:aced siltcates, Taylor submitted hydrated calcium s:licates obta‘ned 
by tree different metiods to X4tay analysis and showed them to be identical. In spite of gest cate i cary'rg 
out the experiment, the author had great difficulty in obtaining reproducible results The mos Tecen: invest:ga- 


tiots [11] give us ceasoc to belteve that the mos probable cause of the poor seproduc!bility of results the 
¢ispers'on of the silica panicles. 


that revealed the ezysialline ray 


Th's far Eom fill review of the lavestigations shows that all the methods ie have been applied ter 
the syatsests of hyd:ated calcturm silicates have given trsignificart yields of ready products have 
long time for the reaction in whith the hydrated stI'cates are formed, and, what appears to be the most seifous 


¢:awhack, have demacced the introduction of a great excess of calcium tn order to hydrated 
silicates having a CaO: S10, ratio of greater than unity, 


EXPERIMENTAL 
Synthests of Hydrated Calctum Siltcates 


For the syathes's of hydvaied calctuin s'licates we used the of amo- st}ica with a 
solution of caic'um ox‘de, -As (12) has polnted out, the method of preparing certain m‘nevals by the 


action of solutions on soltds was successfully applicd already in the last century, The materials 


calci_m cbta‘ned by the calcination of chemically pure calcium carborate, arc dehyd-sted Smorphous 
sJica, The calc ination of calcium ca:bonate was carried out for one hour at 1000°, end the dehyd-atio: ef 
Smorphous silica for sx hous at 500°, Chemical acalysis showed that the CaO content of the calc’ ned prod 
was 95.71% a-d the S.0, contest of the dehyd-ated amorphous silica was 99, 86%, 


Calcium ox‘de avd airovptous s'lica taken tn the necessaty proport'ons were ‘na morta, 
ard a small amourt of glycerol dr‘ed at 160° was added Unmediately, The corte-ts of the mo-tar were homoger’zed 


by prolonged The peserce of glycerol during grinding was Latended to prevent covtact of the calc’um 


oxide and amc'phous sila ic carbon and Ateer the tbe was 
transferred to a 250 contcal flask, ind which was added mabe Us amouni up to 62 
times the weight of the dry charge. The conical flat was thea placed on an clecutec hatplue covered with a 
thin sheet of asbestos and was with continucws sticring at 180-285, When thts {&mperature was resched, 
the mixture began to froth, Froth farmition was reduced by cutting down the supply of beat and shaking the 
‘flask; it stopped 3-3.8 hours afte? the amtainment of the temperature of 180°, and che liquid in the flask ‘Decame 
clear. Complete dissolution was an tiftcation thas the reaction leadtng to the of calcium silicate was 
complete, Heating was d!scantinued, and the ccatents of the Mask were cooled to ordinary temperature and 
diiuted with distilled water, when a white precipliate of hydrated calcium dicate caine down After twelve 
decantations, the precipitate was pressed off on a vacuum funnel, wasted, first with and 
with alcohol, and then dsted for four hours at 100° Precipitation of hydrated calctum sic ate must be carricd- 


out only from cold solution, becaum the precipizaie obtained by dilution of a hot wlution sctilcs slowly, and 
*decantation is very prolonged, 


When the mixtte bs heated, calc lum oxtde disolves tri wih forraation a 


CH,OH CH,O 
; CH,OH 
and the glycetate reacts with silica with for:cation of calctum silicate: 


CHO 


2 S!Q, +2H,O——> 2 CHOH 42C20- 510; 
ChO CH,CH 


On dilution of the cold solution and washing the precipitate, the hydrated sil‘c ate ts Sessned: 
2C20- 90, + 2C20- 510,-H,. 


it was shown by heating a mixture of glycerol and cchycrated amorphoss Silica. under these cond ‘tons that 
stiicon dioxide Is Insoludie in pure glycerol We may there fare e consider that the diswlution of amo:phous 
is the result of its reaction with calcium glyectace, 


It ould be noted that tn the hy¢@atioa process more than one molecule of water unites with one molecule 
of dicalctuun slicate. However, dsying of the hydrated product at to conaant wetght followed by cheincal 
analys:s of the hydrated s'Jicate obtained shows that one moiccule of woter is held Gairly firmly. 


Fo; the synthes!s of hydrated d'cale yun dlicate 2CaO- HO, which ls of the greatest practical 


interest and which pe pared ulider hydrothermal conditions with the greatest experimental 
we prepared the following charge: 


Amorphous ......... 2.258 

In the whole scries of experiments the product from Uw crying of the presaed and washed precipitate was 

a white storeLke material ready ground in a morta. attempt to use the fractton of fincly ground tock : 
crysts passing Uvough a sleve having 10,0u2 mesh perc” did nwt give posiuve reat, In this caw the reaction 


of silicate formation procecded very dowly. and the use of rock crystal, instead of — silica was found 
to be inexpedient 


Investigat tion of the Products of the Synthesis 


Chemical analysis of the hydrated stJicate dried at 100° showed that the was 
in compasition with hydssted dicalcluim alicate (Table 3). 


The synthesized hyérated sUicate could not be studied microscopteally even at Ce greatest 
the particles being evidendy w sual) thas they anorzhors however, that 
The X+ay was taken by Yu, G. Sosolov 


1 | 


£30 


TABLE 2 


Found for 


Taylor s results 


10.00 
3,05 j strong 

2.80 | strong 

2.49 | weak: 

2.20 [very weak 
2.10 [very weak 
2.00 [medi 

1.8) {strong 

15S jwesk 

1.59 [very weak 
1,225ivery weak 

“168 very weak 
1.165,extemely weak 
LOssjextemely werk 


~ 


obta‘ed 4s a cry aalline coinpound, 
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2 the hydrated stlicate ebtatied had a crystalline 
character (X-ray photograph in cylind cal - 
Fax xed Calculated for 2CaO*SiQy- camera with K Co rays). Also, calcuiat‘ons 
= 


Ol tout : from the photog-aph and compz:tsoa of 
58.56 | 31.44 | 9,83 | 99.83 $6.97 31.57 | 9,46 | 100.0 


the results of the calculation: with tho of 
Taylor [10] for sampies of hyd:ated calcium» 
silicate synthes!zed fom cicaletum s'iicate 
and containing CaO: SO, tn the ratio 1.94:1, showed thst 

the structures of the two ) materials were of the same type ee 


"(Table 2). 


investigation of the hydzated ate 
after being dehydrated by a two-hour calctration at $00" 
showed that it cons'!sted of fine granular agg egates having 


the refraction vaiues Ng = 1.734 acd Np = 1.728, Cale‘nation 


at the same temperature for four hours encouraged the growth’ 
of th. grains of dicalciwn slilcate, without charging the 
values of the refractive indices, +There was-no free lime 
the dehydrated p-eparation, 


SUMMARY 


1. Calctum “glycerate™ reacts with amozphous 
silica with formation of dicalcium silicate, readily tsolable 
from the glycerol solution by dilution, when tt is obtained 
the form of a hydrated silicate of composition 
2Ca0- SiO,> H,O, 


2. The propo.ed method perm'ts the preparation of - 
dicalcium sSicaie without the tntraductlon of excess of 
calcticn ox!de inio the reaction mixture, The teaction 


“between calcium gyce: and gives a 100% y‘eld of dicalctum silicate. The hyd: zed cale-um silicate 


[2]. C. Doeltes, Min, pets, Mitt, 25, 79(1906). 


avers for cand Sel. degee, D. L Me; rdeleev Moscow Instttute of Chem! ay 
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3.053 
2.809. 
2.412 | 
2,212 
2.109 
1.562 
1.401 
1.232 
1,370 


of the ly reactions, and alw by confirmatory synthesls by Lieser and Nischk's elegant 


OF 344° -OXADIAZOL-2(3H)-ONES AND STUDY OF THEIR. 


In one of our previous communications (1) it was shown that, when Hofmann's reaction fs carried out with 
amides of certain N-acylated B-aryl- ~B-amino acids, the final products include S~substituted 1,3,4-oxadtazol- “2(3H)- 
A-Cc= ° 
ones (1): | EN. The sryuctuses of these compounds were established by elementary analysts, by study. 
o—co’” 
(I) 


ArCONH——Niy La, 


The smdy of oxadfazoione derivatives Is of interest on its own account, and a more detalled investigation — 
was therefore made of these compounds, The expertmeats were carried ot on 3aminoronanoic acid, which 
has already been well studied by us. As starting materials for the synthesis of these substances we prepared the 
hydrazices of the N-benzoyl and N-acetyl derivatives of 2aminonananole acid by heating then esters with 


The hydrazides obta‘ned were converted by a somewhat modified form of Lieser and Nischk’s natin 
(see Experimenta!) into -beazam! !doocty})-1, 3,4-Ox3 and 5-(2-aceta midooctyl)-1,3,4- 


N 


(a9 


A mumber of interesting observations were made when attempts were made to convert the hydrazides of 
B-amino acids into semicarbazides by ucatment with potassium cyanate, Thus the hydrazide of 3-acetam!donor- © 
anolc acid reacts fatrly (56% yield) with KCNO, the semicarbazide derivative (:V): 


COCH, 


In the redctiqn*with the hydrazide of act, a substance of acidic nature, m.p. 166°, 
war isolated, its strugtyre has not yet been established, 


| | | | 
2 | 
4 


f 


Treatme:t of the hydear ‘Ue of hexanwic actd wiih potasstum cyanate yielded two compounds: ore of a 
Meutral character, m.p. 173°, comesponding analysis to C,H, CONHNACONH,, and 
a secord of an acidic characte:, in.p,.167, fatter sudstance corespanced In a.ialysts to the 
semicarbazide derivative eoce mclecule of water, A mixed tes of the two dig not zive 8 depressed melting 
point (sharp anciting at 17.7), was later found that the products ase mutually intezconvertible. Thus, when - 
the mdstarce of mp, 157 ts submitied to @ long drying process (at a temperature of not above 1004, it loses 
the ability io diuolve tn alkalis acd {s converted into ptsnoylsemicarbazide, On the orher hand, the latter, 
ou belng recrystallized fron water, melts, ate: drying tn a Cesiccator, a2 167°, acquises ac!é properties, and 
dissolves in The of the conversion of these compounds has not been estab) ished. 


When the semicarbaz ide derivative ts beated with a 10% solution of causile posh, tt loses one 
molecuie of water, yielé-ng Stexyl- woe, {2}: 


la the chemical Lvte-sture there are differences in tnietpretation with respect to the suructures of 
cestata tlas@iones, Thus, Grard (3) consers that the triazoione compounds obtained by oxidation of semi- 


‘carbaczones of a-seto acids with fod'ne pave the oxo structuwe; on being heated with alkalis they pass into 


hydroxy compounts, Compounds of the ‘two types have sharp melting points and different properties, Unlike 
Girard, Gehien [$} assets that this reaction cyanhydrazides are formed, and he this by synthesizing. 
several of Sicse compounds by the action of cyauogen bromide on hydysazides, 


Ia connection with this confict of evidence ft was of to Cetermine whether ft fs possible 
coavert compounds into Cerivatives by teatmest with ts well known that. 
certain 1,2oxazine and compounds seadily. exchange O for NH, Such an attempt was made 
with S-mbait med and & was found that, when Shexyl-1,3,4-0xsd Lazo] -2(3H)-one 
is heated with alcoholic’ammon’a under a moderate presse, stission of the five-membered ring occurs, and’ 


Extension of this react: & 3,4-oxad!azel-2(3H)-one [2). led to the 
tsolation oftwo sdsances. acid and acid: 


-_ The unexpected formation of these compounds, especially the second, could be éxghained uli by the 
intermediate formation of a hexah yd:opyrimidine ring and its sub-equem hydrolysis, in. manner similar to that 
the seactica thu: we have studied [S), io which amides of ycarbanyl derivatives af B-amino acids are 
into B-uze: do acids according to the following equations 


NH—-CO 


e 
30% 
wre om ee 


% 


Kil 
= 
; 
es 
| 
‘ 


; 


A explanation may be proposed also for the formation of do) nor anole acid by the meacton 


of amivon'a with 5-[2-(ctaoxycarbonylam inojocty1}1,3,4 la case the reaction mechatism 


is somewhat move complex and may be presen ied in two ways: 


. 
hyd:olysts 
0-co” 
NH-CON-NHCONH, 
Cyt C3 CH-CHC 90: 


Io both caxs a hexahydropy:im dine derivative ts formed and ts then spit tp with, 
formation of the 8{3-amincuteico) acid, The latter compound Is of an ammphotertic rare, dissolving botk in 


dilute mineral acids and tr atkalts; it ts readily soludie in hot water, y in cold weter, ard inselcbdle 
in orgaric solvents, 


EXPERIMENTAL 


Pre paration of z01-2(3)-ore 


The hydrazide of 3benzamidoncranote acid wis prepared by heatirg alcchotte solution. of the ethyl 
ethe: of acid for 26 hours with tice times Us amount of byd’azice hydisie; 2 


crystallized 
from aqueous alcohol in coloriess needles, m.p? 186-157° (yiel.! 82%). The hydrazite of 3 


_ 20:4 (2 g) was heated tn as of bath for one hour at 120° and two hours at 150° with 40 mi cf a 1¢p solution of 


in toluene. The excess of toluene and COC, was riven off under The restdse (1.69 77%), 
a had white mas, was recrysallized from aqueous alcohol, yielding colorless misirs, 126% 


Found %: C 63.95; 62.83; H 6.73. 6.84; N.13,72; 13.71 


Preparation of 5-(2 3,4-oxaditazol- o1-2(38 


The hydrazide was prepared by heating acid tn alcoholic lution [ar % with 
three times its amount of hydricire hydrate; coloriess needles (fom water), 165°, 63%. The 
hydrazide of Sacetamidonoranotc acid was heated in an ol! bath with <0 wl ef a slutina cf 
in toluene; one hour at 120°, and two hours at 150°, The excess COCI, and toluene were deivi a off uncer a 
vacuum. The solid product obtained was weated with 10% KOH, the alkaline sclut‘on was extracted with ether, 
the extract was fltered from some foreign inatter, and was then actitiied with HCl The white crystailine 


precipitate that formed was filtered off, washed with water, and recrystallized Com water (1.72 g 7%, Yh): long 
colorless needles, m.p, 116%, 


Found 4 fe: C 56.95; 57,19; H 8,35; 8.57; N 16,90; 16.97 
Calculated C 56.5; He.2; 


Preparation of 5-Hexyl- -Oxadiazo} from the Hydrazide Neptarote 


Acid. 


The hydrazide was prepared by heating cthyl heptanoate tn alcohol te snivtion for 26 hows with a threes 
fuld excess of hydrazine hydrate. it crystallized from warer-as coloriess needles, m.p, 62°, 


Found N19.$7; 19, 20 
Cy11,,ON,. Calculated Ge: N 19, 


of COC: 


Tne hydrazide of heptanote 


at ylelding 1 ¢ (65%) of a of b.p, 192-106%, A second fractionation yielded a {:action of b, 


acid (1.3 g) was heated for two hours at 420-150° with 69 ml cf s 10% solytion | 
tn toluene, The excess of COC?, ard toluenc were drivea off ewer a vacuurn, and the residue was distilled 


193-155°/24 mm, The S-hexyi-t, 3, obtained by Hofmann's reaction at. 


-184-186°/ 18 


Hvdrotysis of S-Hexyl-1,3,4-oxadtazol-2 


3H 


When the oxadiszolone was boiled for 


m.p..81-82°, was When with the hydrazide of hexearoic ectd, there was depression 


“fa me iting point. 


of the Hydrazide of 3- thoxycarbony! am!no)-nonanote 
1, Preparation of the from the ethyl ester of 2: acid, The ester 


{1 g) a aiconolte solution was heated for 15 hours with three times thé a7,ouni ef hydrazine hydrate, After 


wee days with water over & pauze,.a white crystalline substance, 


twothtnds of the aicchol off, we crystaiiized the precipitate Som wat et and obtained 0.85 g (about 80%) 


of product, m.p. 142%, 
Found %: W 16.46; 16.61 
Calculated %: N 16.21 


2. of the hvdras'te fom the chiortde by ajdins the lamer tn ethereal wiutica toa 


three-fold exce 23 Of The product was the 
| 
CHC 

Found: 

Cui N 1152 
Fre paration of S-[2- (E:hoxycar from 
the the Hyé: yerezide 


+. 


The hydzazice 0, : ¢) was heated for 1,5 hours at 126-150° tn an off Sati with a four-fold excess of a 10% 


sclution of COCI, tn tolcene, The toluene was distilled off uncer vacuzm, and the residue was treated with 10% 


NaOH, Acidification ytslded a sol of ty] }1.3, (0.7 
Sie), m.p. 11-72", ia admiature with a sample (m.p, 73°) obtained by seactoa, tt melied at 72-73°, 


Hyd¢rolysts of 


A 20-hour boiling with wate: over a gauze yielded a precipitate Som which a substance of m.p, 140-142" 


was fsolated admixture with the hyd:acide of acid (m.p, 142°) melted 
at 142°, There was also a very sail amount of a substance of m.p, 1€5°; in admixture with the amide of 
acid it melted a: 135-143", 


Preparation of the Ureitde of 3- Erhoxycarbonylamincj)nonanote Acid 


The acid chloride obtained by heating 6.2 gof acid w: sth the theoretical | 


amount of SOC), at 45° was ctssolved 1a 30 ml of absolute ether and added dropwise with cooling to double the 
amount of urea as a suspecsion La absolute ether, When the whole of the acid chloride had been added, the 


solution was sized for a {arthe: two hours; the ether was driven off, and the residue remainirg in the Mask was | 
heated tn a boiling water bath for atx hours, The product obtained was washed several times with ether, with 


S% NaOH, and with water, and was recrystallized from 300 ml of sleohol, The wrelde came dows in the howd 
of fine colorless needles, m.p, 168° (5 g, 


Found %: N14 80: 14. 
Calculated N 14.63 


é4 


| on 
Oo 
TA 
| 
4 
‘ 
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The Action of Hy pobromite oO. the Uretde of 3-(Eth Acid 


The urelde (5 ¢) was added under stining over a period of two hours to a solution of typodromkte prepered 
at—5~10° from 1 ml of bromine tm 30 ml of 16 NaOH, When solution was compiete, the Liquid was stirred for 
a futher two hours, after which it was beated to 80° and cooled. On addition of KCl to a weaky alkaline reaction, 
ano!) was precipitated, This crysallized out on the next day in clear colorless plates, m.p. 73°, In adinixtuze 
with acid (m,p. 7%-80°) it melted at Cn further aciéificationtoa 
| _ weakly acid reaction, an ofl was prectp!tated, from which, by weatment with bicarboraze, 3-(ethoxycarbonyl- 
amino)nonacotc acid was lsolated together with some of the firs substance, m.p. 73°. Farther acidtfication 
yiclded a precipliate of 34ethoxyca:bonylam!no)ronanote acid, The products. were: sudstacce of m.p, 73° 


acid (2.18 g. 43 6%). 


Analyds of sbaance, m.p, 73°: 


Found %: $4.77, $4.99, H 8.28; 8.33; N 14.22; 14.29 
Calculared C $4.73; H 8.47: N14.73 


aration of 1-(3-Acetam'doronaroyl semicardac ide 


Prep 


KCNO (1 g) was added to 2 ¢ of the hy¢ 


razide in 50 ml of woter ml of concentcated KCl ard 
solution was heated for two hours over a gauze. When the solution was cooled, a precipitate appeared, and 
th's was filtered off, the filuate being then evapor 


ted dows to low volume and aga'n 
1.56 g (66%) of a substance giving melting points of 205° and 2C2° was obtained, After being recrystallized 
from water !t was obtained 3s cclozicss plates, m.p. 212%, 


Found %: C 53.03; 52.93; H 9.25; 9.20; N 20,5; 20.13 


Prepa:ation cf 


KCNO {5.5 g) was added with cooling to a lution of 6 g of the hydrazide of heptarcic acid in25 ml . 
of water +6.5 ml of 35% HCL When the reaction mixture was heated, the precipitate that formed oa addition 


of the cyariate went into solution; reprecip!tation eccur:ed when the solution was cocied, The precipliate was 
twe2ted with NaOH solution, and a part of ft went inte Whent 


he alkalbe solutioa was acidified, 
a white crystalline precipitate (0.2 g) separated; it was recrystallized from water and was [su to melt at 


167° The alkai!-insoluble part ef the reaction product was also recrystallized from water aml dried Ina drying 
cabinet at 100°, yielding 5.7 of fine needles melung at 173° The first subsarce (mp. 167°) was eadly 
soluble In alkal! and was- precipitated fom alkaline solution by. acid; the secowd was trsol.die 


Theve was no 
depression in a mixed melting point (173°). The substance of m.p, 173° afte: being tecrystallt-ed from water 
and dried in a desiccator was found to melt at 167° and wo acquire the ability to dtsolve in albal’s, whereas 
. the substance of m.p. 167° after long drying at 100° was found w melt at 173° and wo have loxt lost che abiny 
to dissolve in alkalis” 
of the substance of in.p. 173°; = 
Found %: C $1.59; $1.97; 9.42; 9.26; N 22,58; 22.75 
Found %: C 46.08; 46.25; H 9.72: 9,60; N 20.34; 20.27 
4 1,0. Calculated %: C 46.83; 9,27; 
a Preparation of 5-Hexyl-1H-1,2,4-triazol-3(2H)-one from 1-Heptanoylsemicarbazide 
1-He ptanoyl eimicarbazide (4.2 g) was heated at the boll over a gauze with 30 ml of 10% KOr After - 
1 hour 30 minutes the solid present went into solution and did not sparate when the wluiioa was cooled, On. 
acidification with HCl colorless neecles (3.35 g) were precipitated, The melting point aher tecrystallization 
from water (360 ml) was 168.5°, kt was readily soluble tn caustic alkalis, being reprectpitates fom slution 
by acid; it was Insoluble im a <olution of sidiu:n carbonate or bicarbonate, In sdinixture with the substarce of 
m.p. 167° hom the preceding experiaient it melted at 151-154% 
Fonnd C 56,97; 50,87, 8.63, N25,05; 25.17 
C,tl,ON,. $6.80; HBS; N 23.85 


Act'on of Alcoholic on 5- -1.3 $-Oxadtazol- ~one 
The hexylosd'azoione g) was heated in a sealed tide for tuee hours with 15 mol of an &% alcoholic 


sluton of NH, The was d*ivea off, leavirg a white crystalline substance, It melted, afte: zecrystalliza- 


tion Lom water and & water bath, at 171. in adinixtuce with 173°) 
melted az 1-172°." 


Act* ‘on of Alc oholte Ammonta or $-(2- -1,3- azol- ~2(3 H)-one 


The devtyative (0.5 g) was heated in a scaled tube for four hous at 120° ard then 30. 
minutes at 149° with ax alcohol!c of NHy The alcohol was off, and the resid.c was 
dissolved ta hot water, The was Mtered from foretga mater ard evaporated down, 
exystalline substa.ce of m.p, 160-120% When th's was treated with alcohol, a past went into solutton, The 
reside elted, alte? dew g recrystall'zed from water, at 211°, In admixture with the previously obtained 
sem ‘cadazide derivative (rp, 2129) it melted at 211° After removal of the alcohol by distdlat:on and 


of the residue froin. water, hydrazide of m.p. 163° was obsatned. Ic admixture with the 
previowdy prepared of m.p. 168° st meltee at 165°, 


Action of Alcoholte Ammonta on §-[2- Ethoxscarbor 


2(3H)-one 


tyl}1,3,4-O2ad (0.5 g) was heated for three hours at 120° in 
& wailed with aa aicohalic solution of Afte: removal of alcohol by dist‘llation, a crystalline | 


substance of m.p. 117-120° :ematied. When this was vec rystallized from water, two substances were 
Ore meltirg at 127-125*, and the other at 133-125°, 


All the properties of the fin compound, including its melting point, cotactiod with those of the 3-u:eldo- 
monaro'c actd previously prepared by us (in admixture, thé two samples melted at 128°). The second co:npound 
was of an amphoter'e characte, readtly soluble in dilute mineral acids and cauztic aikalis, Afier.s double 
wash with ethee and recrystalitzatioy f-om water, the melting po'm rose to 145° (with Gecoinpos‘tion), in 

acco:da-ce with the e! ementaty analys's of th‘s we sugsested that was 
acid, and this sugzestion was confirmed by all fucthe investigation, acid ts 


teaddy soleble tn het wate: (caiorless thomb‘c plates, sticking together by the side faces) and in alcohol, 
ts tnsciudie ¢ ia ether aud benzene, 


Found $1.60; H 9, 00; 9.13: 18.16; 18.33 


SUMMARY. 


‘amely S- 
» She xyl-, ard 3,4-0xad !azel-2(3h)- 


1. The ace given of several S-alkylated der! vatives of 1, 


one, 


2. has been shown that, when Ssubsvituted 1,3, ore are hy¢rolyzed, hydrazides of the 
8-am_no ac'ds axe fo med, 


3. It has been foucd that, when subjected to Hofmann’ reaction, the of = 
acd also gives 


The action of alcohol‘c ammor'a 02 Substituted 1,7, has been stud’ed, 


tt has beer. found that tn ths S-hexyl- and 5-(2-acetam ‘dooctyl)-1,3 
1 ec derived f-om the corresponding S-amino acids, 


5, Whea ts heated with alcohol'e ammonia, 


givésa minwe of and aciés, The mechanisn of this reaction has 
been eluc-dated, 


1- “he p'atoylse bazide has been converted Lats 
May 30, 1952, 


has been made of methods of and 


| 

e 

= 

| 

ON, Calculated %: C-51,S3; H9.09; . WK 18.18 
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SYNTHESIS OF STEROID COMPOUNDS AND RELATED SUBSTANCES 


COMMUNICATION XVL CONDENSATION OF WITH 2-MET HOXY-1, 


BUTADENE. SYNTHESIS OF 3,4,48,1,8, a-HEXAHYDRO-~4a-MET HYL~4-VINYL2QH)- AND 


“HEXAN H)-NAPHT HALENONE 


1, N. 


L V. Torgov, 1. G. P. 


N. -Ananchenko, and v. M. Andreev 


In 8 previows communication [1) from our we described the condensation of 2-methoxy-1,3- 
butadiene (1) with xen-leone (11), From the product, the he xahydromethoxyme 
maphzhalenone (LI), we obtained some bicyclic aleohols (IV, V, and W1) ond the 
Maphthalenone (VIL), are important pradiets for the of gerold compounds and 


related sudscances: 


cx’ 


_ Condenuarion of the dlenone (VID with various dlenophiles pemnitted the preparation of various 
polycyclic compounds, including, in particular, sterold teuacyclic diketone. having hydrogenated cyclo. 
pentaphenanthrene and chrysene ¢e k Ons and containing angular methyl groups Not all of these intermediate _ 
products, however, were prepased sufficiently smoothly and in satisfactory yield, In the present inve:tigation, 
therefore, we have undertaken a cetatied study of all sages of tw prepazation of the dlenone (vib. and also otal 
of Ue te pow ibility of Linproving the yields of all compounds required for its synthesis... _ 


Fira of all, improvement was made in the method of preparing 9-methoxy-},3-butsdione ql) | 


. 
found that. conskstent yields (75-60 %) of this diene were obtained by the splizting of methano) from 1,3,3- 


trlncthoxybutine, not by means of freshly calcined potastum hydrogen wil fate, as recomunended by Dikasa (2) 
but by the use of the residue fom a previous experlinent, contalning potasstuun aydrogen sulfate micd with 


Organic substances. By this means it was found posible to obisia 24ncthoxy-l, ina of 
15-80%, inaead of the 60-67% by Dikstra's procedure, 


A method was developed detall also for the preparation of 2-meth:; qd the 
bromination of 2-methylcyelohe as described in one of our communi ations the the stacy of the 


| | | | 
24 
OSS 


of (1) with lone (If, the ume and :empcraturs of 
the acta acd the :atio of the components were vatiel, The bes results were obtained with an elght-fold 
excess of the methyleyclohe xerone at a teimperature of 260270° aad condensation time of 2,5 hours, It was 
esabloned ats that add:t‘ons of have a favorable influence, Under these conditions the yteld 


of the he phtalone (LL) was 45-60%, reckoned on the methyle yclohexenone, 
27 29%, reckoned on me methoxybutadiene, 


was found that the condersation reaction goes in both of the theoretically possible directions, $0 that 
together with 2.3, 4a,5,8 8a-exahyd: 0-6-me (11), appreciable amounts 
axe fe med also of 2,3,48,5,6, Sa-he (Ula): 


Owing to the cou: ess of thet: points, it was not found to separate the {somers and (ua), 


but the acetylene hydroxy 3 xerozes ard cpared from them were readily separated by fractional 


sition of the mixture of (II) and (ita) with sodium acetylide in ammonia yterded a 
mixture of acetylenic methoxy alcohcls (IV) and (IVa), from which only 
octahyd-o-€-imethoxy-a-methyl-laphthel (IV) could be tsclated in the crystalline form, I was later found 
to separate the methoxy alcohols (IV) and (IVa) in the pure state, but to convert them by the 
actor of 1% bed ochloze acid tr20 the hydroxy ketones (V) and (Va), From the mixture of (V) and (Va) & 
was fourd poss'die by erystall zation to Lolate pure - 
(Vj t= cal lculated on the takea, It was 
more to ‘soiate E-cthy-. (Va), which was 


cbrained in yield. 


D's‘llatss of the mother Itquars yielded 152% of a Mquid mixture the hydroxy ketones acd 


(Va) ard also evide-tly of ther: ‘somers, diffcrirg in the spatla] arrangement of the substituents in potion 
1 respect to the a-g_lat methyl g:oup. 


Exha .s:ve hyd-ogenst’an of the acetylec hydroxy ketones (V) and (Va) gave the coresponding 
sat tated hyd-oxy ketones (X) and (Xaj. Sctective hydrogenation of the acetylenic hydroxy ketones (V) and 
(Va) over o Pd catalyst gave the crystalline vinyl hydroxy ketones (VD and (Via). Dehyd-at‘on of the latter 
wich the of hyd-ogen sulfate yielded the dienones (VID and (Vila), It should be noted that in 
the cenydtation the cord!tors gven tn the Experimental par must be surictly observed, as otherwise rot only 
Goes the y:eld fall, but the diesone ftself becomes less active, possibly owing to transposition of double bonds, 


The d‘crores and (Vita) react im the cold with maisic anhydride, giving the corresponding condersatio; 


preducts) The reaction was comp!:cated, however, by the formation of polymeric that the 
of the ac:ds (X:) ard was only about 10%, (See page 73). 


The obtaining of two-series ol weinens made {ft necessary to prove thelr structures, which has been | 
¢ose previously for he (11D on the basis of model 
a>d anaiog‘es from the Iirerature, It was at fust proposed to convert each of the acetylenic hydroxy ketones 
*(V) and (Va) tato the comesponding bye Ure action caustic ‘potash according to reaction: 
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ae o 
(x) 123 va} __ (Va) not tsolared 
2h, 3 
‘CH; kon 
128° 
| (X Pp. ws (Xa) 
(VD) ALp. 112°. (Vla) Mp 135° 
| . (NLA, maleic anhydride). 
(X12) Decompod tion Xba 
| 


> 


The Uketoves formed could be related by a series of reactions to well-known aaphthalene hydroca-bons, 
at the acetylenic hyd-ovy ketone by the action of caustic potash under various conditions 
heweves, gtve a positive sesult. the hydcoxy ketone was resintfied, and the yleld of diketone was 


CH-CQ,CH, 


The (V2 reac witt methylmagnestum bro giving 2 yleld of 1,2,3,4,42,7,8, Ba- 
2 naphtho} (XI). Condensation of the latter with cimethyl maleate ylelded 
“tne dicarboxylic ester which without being tsolated, was Cehydrated wo give the dimethyl ester (XTV) of 
the ce-ahyd-od carboxylic acid (XV). Hydrolysis gave the free acid (XV). which was 
dehya ove: g'vi-g 2-methy!phenanthrene The melting points of 2-methylphenacthere 
acd of :ts picrate cotte‘ded with the data gives in the Hrerature, as will be seen from.Tapie 
TASLE 


TABLE 2 
Substance 


Substance 


hydrocarbon | picrate (*C) . 


2-Methylchrysene (data 
BY 57-58 - 318-319 -. - Mrerature BD 223226 143-146 
(our 7-58.5 115-117 Fesults) 222-223 145.5-146 
3-Methylpre- 


3-Methylchrysene (data 
in literature (6) 
3-Methylchrysene (our. 
results) | 


(data 63 137-138 170 


166-169 


The same p-ocedure for proof df structure was applied also to the hydroxy ketone (Va), but tt did rat 
yeld def-n'te results, suuce the [tra] products, in particular 3-methylphenanthrene, could not be isolated tn 


pre fom. it was however, important to find a method of proving the structure that would be applicable to 
both ‘some:s and would thus g've comparable results, 


The following serles of reactions, in which we successfully : | 
related the bydroxy ketones (V) and (Va) to known chrysene j,omologs, were therefore undertasen, 


Dehyd-ation of the d:e-ols ard (Xfla) with potrsstum hydrogen sulfate ylelded the tlenes 
(XV ard co-densation of the se with 2-cycichexen-l-one ylelded the ketones (XVIIN) and (XVIIla) (in 
fovm). These substences were reduced by Kizhner's method, and dehydrogenation of the products gave 


2 methyichysere (XX, and Immethyichrysene (XXa). The melting points of these and ef thet 
were tn acco: data tn the tnerature, as w! be seen from Tabi e 2, 


te bie. Another method of proving the structure was therefore chosen; && may be represented by the scheme; coe 


3 CO,CH, KOH CH, COOH, 
c Ch : 
q Mp. of 


CH, ¢| 350° 
(uy) 


c . 
The structices of the dienones (V and and the assoc tated compo. sds have therefore brea 
rigorously proved. 


The fact chat in the diene €ondensation apprectable amounts (about 15%) of the 7. 
(Tila) (meta Loomer) were formed in addition to the €-methoxy compound (pare tsomes) deserves tal 


atertion, In the condensation of a butadsere with a> unsyrinec ical ‘ie, two 
may theoretically be formed: 


PSE 


Actually, Aschan [7] found, as is tong 3g0 as 1038, that wher dimertztag, y'elds rot ooty 
dipentene, but also the meta-lsoiner, dipiene, Quite recently, Alder and Fogt [8] have mown that, Mean 
asoprene condenses with 3-buten2-one or methyl acrylate, apprectable aindunts (yp to 15%) of Lamer 
are forined. la reactions, however, with butadienes having clectroregotive (Cl 

CN, OR, ete.), only para have been tsolated, Prcctsely results were int 

of chimopren: 2-cyanubutadtene [10] 2-phenyibutadtene [11], 2 methoxy: and 2 form [12), 
and also in the combnsation of 2-phenylbutadicne with dcrylle actd, acrole!n, proptolte acid, ard styere [11} 


he dlinertzating 


| 


and through an e'f'c‘ent columa,: The fraction of b.p, 72 75° 


Ta the condensation of and 2-cthoxy butadieres with acrolein, only the para-aike 


provide the example of meta ssomers iv the 
af ia Dotadteres tn which the subsutvents are electronegative groups, Meta tsomers are pcbably 
other cases, and only thet low content in the reaction poducts has prevented thet isclatine 


EXPERIMENTAL 


Prepavat‘on of 1.3 3-Tr: Nieuwland’s tom 45 mi of FFs: 39, 
vel ow Oxide (15 acid (2 g), and adsolute methanol (19 mi), vas introduced 4 
thererected twodter Dash provided with mercury-sealed mechanical stirrer, for pareing gas, reflux 
acd termciretes: and absolute methanol (480 Le. 15 moles) was added, The solytion 
sited for hors, which gascous butenyre (280 g Le. 5.4 moles) was passed, the 
was at about 40° by the heat of reaction (i was sometines necessary to apply coclirg). 


o he text day the reaction micure was stimed for a further four hours at 25~46°, and was then cooled and 


with sod:um methox‘de (16 m} ofa th solution). The unchanged methano) was distilled off cater 


wed pessce. Fracttonation of the reside yielded 483 ¢ of 1,3,3-ctmethoxybutane, b.p. 60-€2°/19 mm, 


The methawl that had been distilled off (30-220 ¢) was again distilied at sormal pressure, a furthes 15 g 


of bettg ‘sclated fom the residue, The total yieid of was therefore 
Le, the amount of methanol taken, or shout 


when recovered was taken $25 
was that. further of 1 ml of (C,H.40 Sg of mercurle oxide made the 


we (whea down), the y‘eld can be further increased by 5-7%, but é:fficulttes arise ‘n 
of the product ( tole: t bump:‘ng). 


2. 


of 1 3-butadtene (1). Diphenyl erhef (10 g) and finely gourd potassium byd~ ogee 
13.5 


(9.5 g) were placed tn a th-ce-pechked 250 ml Mask fitted with thermomete:, dropping funrel, and 
factoratirg The mixtare was heated to 156°, and was added at 
cate that the tempe-atuce of the leaving was mau.tatned at not higher: thas 62°. A mixtvre of 
Zor seer and methanol diated over, As more ard moze 
brant wea scled, the mixture tn the Mask became darke: in color owirg to resiz formattor, the amount of 
ac eve the distillate tne ceased, and the te:nperature of the vapor leaving fell tc 58.69%, Aft«: 
tae of the first 156 ¢ of time thoxyb: tane, the process was stopped, ard the <'st‘}late was tacsfeced 


flaw containing sodium carbonate solution (20 ml), Lt was found that was better to treat the 


fom the 150 g of uimethoxybutane scpazately ard to subject ft to further 
wich hydrogen sulfate, it being found to comatn apprectable amounts of dimethoxybutee, 


tr this teact{on ft ts necessary to take care that the temperature ‘of the vapor leaving does not re 


above 53°, At a given bath temperature, ts easy to regulate the temperature of the vapor by mesmu ofthe 


cf ef timethoxybutare (25-30 g per hour). Ik bs desirable to carry out the reaction number 
Of ions be'ng quite permissible, The distillate was washed twice with twice ts amount ofal® 
oo of sodium carbonate, it was then dricd with calcium chloride (20-25% on the welght of 


and 1.4430-1.4450 was collected, ths 


wes fared w be quite suttable for further synthes's: the yleld was 65-70%, The high-Lolling fractions were | 
Sdmitted to further reaction, thus y‘elding a fumher amount of aad the tora yeld 
10 


Pepaation of 2 2. 8 net vl aph: haterane acd 2: 
He 


8,88 
one one (120 prepared by the acted previousiy (b.p, 66°/9 min, 31,4865), wee 


| 


. 


heated mets! ampae tp cf ol dcthylan‘lire in an of carbon Gor 2 


hours 20 
minules, the bath temperatece beng 260-276% 


excess of methyicyciohe xenowe was detvea off under reduced 
presaure (107g) The Lom four dental expertmects were unued and sdjected to three successive 
ftacUonationrs The (SUowing Cactoas were 


Fraction;., 


b. P. 13-00° at 13 mm; 10 g: 1. 4890 
Fraction IL 600° at 1 mm: 16 1, 5015 


Fraction iV, JOO-150* az 1 ms 8g 
“t Sg 


of (2) yielded 40g of a mixtuze of the compounds acd dp 
92-45°/1 mun a-4 p The yield was the metbylcyclohexcaone that reacted. Foater 
frac of ded (2¥) (untied anany cape ciments) inczeawd te yield of (C3 
and (Lig) expestme it were canted out ender these conditions (about 160), ard the 
were constantly cepoduced: 272% 02 the takca aid 45-505 on the 
tha: reacted. Boductiios duration of heating w 00 micutes am tenfolé of the mixpce had rs 


rapidly whes the compound fs anslecholic of acetate, 


Hyd-ore nation ef the 
ard (6.1 ¢ bp mC, 


aptthalecoses (iD ew The of (1) 
solved t 10m 3} af abot ae diosa was 
presence of a DB of (20*, 100 em) was 750 ml was 
(>) tp. 9 0:5 nuns 1.2802; 1.039; fours 8: calcalsred 
MRo 34@ toned ftre white crystals (Som 7 alcohol), mip. 193227" (dee 


- 


-  Fouxd $: 61.75: 61.8: 2.302 
Calculand te CLES: 


with tre §f the original substance ft at 186.252" 


Prepa: of 1-Ethynyl-1 3 Sa-ccta! GV) Liquid ammonta 
290 mi) TYP thice-necked 4 topping 
ter, for passage gt acetyluhe, and ccpled with a of carbon dioxide 
sodium added undd: Acetyles® was parsed at 26 liters per hour into the suspordon 
ard after two hours a solution of le ¢ Of aetnyl- 1(24) (IIT 
Of yas adicd cver a period cf uf for 


react. was then Gaqacted 


tee Cask, Provided with 


tines’with ether erhergstracts wore dried with magsotign 

and fils, "Ether distlt un ac$ths miauce was set 


ee ena 


| 


“ 
4 
: 
7 
A 
— 
&§ 
; 
7 


The mother liquor 


“mixture ef the methoxy alc obits GY) end (IVa) in the of a colorless Iiguid of b.p, 119-121°71 mm asd 
1.5262, Replacement of by or Lithiuin In this synthesis did not give improved results, 


om the crystallization was evaporated and yielding 6 of 


Hyvzolysis o of thoxy-8a-me thyl- L-naphihol (TV) to Give. 
$-fthynvi hediow~a-me -naphthalenene (V). A solution of 0.42 g of the 


- met thoxymethylraphtho! (1V) tn 5 ml of ether was shaken with 3 ml of 8% hydrochloric acid, Already after 20 | 
minutes, white crystals began to precipitate, After two hours they were {itered off under suction, washed 
with ether and wates, and dried in a desiccatar, The product was 0,39 g of 5-ethyryloctahyd'o-S-hyd:oxy -44 - 


methy]-241H)-naphthaleaone (V), m.p, 1$5-156°, which has been described previously 1} The yicld was has 
almost quantitative, 


Preparation of S-Ethynyloctahvdro erore (V) a-d 
(Va). Liquid ammonia (850 ml) was Intod.ced into a 2 Mase 
prov prov ded with me*curyseal ed sterer, ccopping funnel, thermometer, and faz passage of acetyle-e, avd cootcd 
with a mixture of solid caton dioxide ard methazol 79°): sodium (17 g) was added ander sthrirg Acetylene 
(about +0 Liters) was pared in the course of one hour, and the rate of passage was thea reduced to 3-5 Ivers 
per hour, To the suspeasion of sodiun acetylide formed, a solution of 80 ¢ of the mtxture of hexahyd-ome*hoxy- 
_ methyl-1(2H)-naphthalenones (UL and 1a) in 25) ml of absolute ether was added over a period of one heur. 
Passaze of acetylene (3-5 ters per bouz) was continued for-six hous, and the mixture was then set asice at 
70° overnight. On the reat day the mixture was stlred for-five hours, acetylene betrg passed at 2-3 Ite * 
per hour and the temperature allowed to to—3S° Finely ground amimor‘am chlozide (50 g) wis 


then added, a litde at a thine, and the mixtuce was ‘hen set aside the ammonia being allowed to 
evaporate sway, 


Cn the next day.ether (200 ae was added, and the mixture was treated w'th ice water (80 ty. The ether 
layer was wparaied, ard the aqueous layer was extracted tiree mes with ether (150 ml altogether), The ursted 
ether extracts were €vaporaieé to a volume of 13)-260 ml, 1% hyd-ochorte acid (100 ml) was added, and 
the mixure was ximed vigorously “ot three hours, Already after thirty minutes l'ght-yellow crystals begat to be 
preeipicated. The preciptiated crysals were filtered off under suction, washed four times with cold ether ard 
with cold weet. and dried to constant welght in a cestccator, The welght of hyd-oxy ketone (V) obtai-ed 22 tn's 
way Was 34-39 ¢ (varying i differen: experiments); @ melted at 154-155.5°, and was sufficiently pure for the 


hydrogeration wearment, A single crystallizatica [rom alcohol or benzene a product of Constr: 
melting point (153 


Ether was removed froin the mother liquor by distiliation, peuoleyin ether was sade’, and the m!xture was 
set asice overnight. By the next cay crystals (6-& ¢) had forined which consisted essent:ally of 


(Va), m.p. 139-142%, Crystallization from alcohol yielded the pure sane? 
(V2). m.p. 


Found %: C 15.9; 18.9; H 8.8; 8.9 
Oy. Calculated % ‘Pp: C 18.73 H 8.8 


The mother Haquor after rt moval of solvents welghed 32-38g , and on distlatton it ylelded 13- 
Mquid mixture of the hydroxy ketones W’a)having b.p. 134-1367/1.5 mm ard 1.5280. Analys's of 
mixture of liquid ste ketones gave the following results RR Tanke 


Found %: C 75.55; 75.5; H 9,15; 8,95 
Calculated C 75,7 H 8.8 


This mixture, like the pure hydroxy ketones (Vj and (Va). gave a voluminous with as. ammur- 
lacal sojution of suver oxide (test for acetylenic hydrogen), 


Exhauzive Hydrocenation of the Hydroxy Ketones 


and (Va), The ketone (4 (420 mg) 
in alcohul (5 ml) was hydrogenated tn piesence of platinum by Adain’s method, Hydrogenation began imived:).-2)9 
and was complete in 7 minutes, 100 ml (22°, min) of hydrogen being absorbed, as sequired by theo:y, Ths 


tion was filtered and allowed to evaporate, The readily soluble S-ethyloctahydro- 
thalenone (X) was lsvlated as white crystals (50 img), 127-128°, 


C,712. 7205 H 105.128 


Theb hyd-ory ketore(Va@) x33 in a similar w3y, yielding hydroxy 
(Xs) {0.6 g fon 10 g of bydroxy ketove) io the form of whiie m.p. 


Cy Caleuiared C742; 


In the hydrogerstion of 21g of the Liquid mixture of hydroxy ketones, 465ml as’ 760 mm 
absorbed, 450 m) hetng theoretically required, 


Select ‘ve Hyd: of shyt 


¢V) to Give Octa- 


b thyl-S aphinslenore The substance ( (12.7 tp 169 ml of 
dioxane. was on tn of palladium cacried on carbonate unt] one molecule of hydrogen 


(1470 ml; 18°, 760 mm) had been abw:ted The solution was and the diouwne was Given off under méuced 
presse. The light-yellow wiacous msgs that reinaiced very dowly (after a week) Crystal out, but for the prep- 
acat‘on of the dienore (V!) the product was uxd without being crystallied. The pure 
methyl-S-vinyi (VD) melted at 111-112* crystallizations from petmleum ether). This al- 
cohol has been pievicudy p:epaed in ous Laboratory [1] but was then characterized as a quid, 


Selective ‘on of 8- ‘Ethynyloc tahyd* o-S ethyl tenone (Va} to Give 
Oc thyl Sw The hyd:dgeasiton of he substance (V3) was 

carted ina sunilas way. was found to occu tmmedutely after of solvent; 27,7 ¢ 

of the alcohol (V2jy‘¢lded 19.6 of crystals, m 113-115. The pure aicchol af 124-118° 


: Found %: C 15.15; H 10.2 
Calculsed $: C15.0; H 


Dehyd-ation of Octad (VB. A of 1G gof 
the subsarce(Vi). 8 g of frely um nydcogen silfate, and 0.05 ¢ of -pyrogallol was heated at 1: 40-145° 
for 30 m‘tuutes under reduced pressure ($045 mir). The we'tght of water separated was 1.3 g (theoretical amount 
1.4). The reaction mixture was cooled and extracted with ether: the ether was off, and Ge product was 
Vacuum-dis dled, yelé'ng 10 g (87%: of 3.4 43,7,8 (VID) ia 

the form of a thick celmicss Ly uid z pleasam odes, botjed az 114¢-127°/amm, or 160-163°/imm, 
and bad nj} 1.525@ LOM The semicarpazone 86% alcohol) melted at 17 


Calculated %: 68,03. H 8.6 


Dehydration of Octah ‘OF halenove (V's). This cehyc:ation was 
perfo:med in the mance: bed above from 8.65 6 of the sudsiance Via, the product being 3,4,4a, 5,6, 8achexa- 
(VI!) (5.9 g. 75%), which is a thick, colozles having a fatly 


pleasazt odor, b.p, 8+55°/0.5 mm } 1.5270, The semicachazone 2 mixture of methanol and dloxanc) 
at 1S6-197°, 


Selective “ve Hydrogenation of phe of Acetytente Hy¢roxy Ketones (V) (Ya). The substance 
(7.6 g) alcohol (20 was hyd’ogenated tn presence of palladtum cacicd on calcium carbonate until) 
one molecule of hydrogen (840 mm}, 18°, 760 mun) had been absorbed. The solution was {Utered, and alcohol was 
Gistiled off under reduced pressyre; the residue was dijured with ether (5 m)) aad sct aside at O* to crystallize. After 
two months the mixture had parCally csymallized oc, ead the crystals were pressod off under suction and washed 
with cold ether, The product was actahwrod-tyd os (Va) (17g). m.P. t 
In with umple it no dcpiessica in poink 


Dehydrat‘on of the Ltq. Mixtuce of Vinyl Hyd “oxy Ketones The mother Mguor from the precedinges. 


perlunent was dchyd:yed with the a'd of putasstum hyd-vyen sulfate, as described aboue, yiciding 2.4 
of a mixture of the dipnones (V1) and (Via) bp. 114-119%2i0m, ny 1.5260, 


Condensation the Duerne 


- Found C 72.23 741; H 10.5; 10.4 


a 


ue 


. 
-4 
- 
; 
= 


é 
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Reaction tery qutchly, the tinperanue te 50°, The was xt azide for 
bet cry2aUizarion not occur, In spite of of solvent ard cooling. Alcohal (3 iol) aad 20% 
@austic pouash (3 nly were added to the which was then st aside for two hours, The homogeneous 

solution was uted with aa equal volucue of water and extracted with ether, and the aqueous solution was sae 
to Congo red with concentrated hydrochloric acid. A light-yeliow sticky mass of polymer came down, 
The aqueous wlution was decanted and set aside in the cold, Crystals (0.12 g) soon made thelr appearance, and — 
they were recystallized f-om 6 ml of actd, yielding 0, 10 g of fine white crystals of the peeviously 


desertbed [2] which at 200-2025 5° (rapid ‘Condensation in xylene at 
2 30° gave results, 


Cordensation of the Dierore (Via) with Mateie Anhy¢riée. In a atmilar way, the WE: 3) (0.6g) 


yielded the the dicarboxylic acid (Xla) (0. C&g). On being heated tapidly, the seid melted with at 
but the material became transparent only at 240%, 


Found @: € 66.3; 7.3 
Oy, Calculated C 66.65; H 7.2 


The Splirins 


of Acetviene fom methyl-2(1 H)-naphthatonone (¥). “The 3 
byd-ony Ketone (V) Cg). toluene (76 tolp, and powLsred potassium hydroxide (0.C5 g) were heated at 110° for 30 


miastea Tice was vigorous evolution of acetylene (detected by the Mosvay reagent). The solution was cooled 
and washed with water; the solvent was dciven off, and an anempt was made to distill the residue under reduced 
presse. Only an insignificant amount of hexahydro-8a-methyl-1,6 (2H, 5H) naphthalencdione (VID crystals, 
came ove: at 18.%2mm, th adiniaty~e with a known sampie there was no depression of melting 


point, The residce was an resin Sopilar results wert cbtained when the hydroxy ketone was heated 
with sodicm amyloxtde. 


m.p. 60-o2°, 


Preparation of 1,2.3.4.43.7.8. $2. 1-S-vinyl-O-naphthol (XID. soluticn of the 
(WL) (5.08) ether (20 ml) was added an S-iu® ever a period of ten minutes toa Grignard reagent pr& 
paced ta the usual way from magrestun (3 g), bromide (13 ¢), and absolute ether (100 mij. The solution 
_ Was botied for five mimes, cooted, ard decomposed, flraly with Ice, and tien with 24% hydrochlorte actd, uit 


the flocs of hydrcxtehad ciappesred Careful extraction diaiiistion ylelded 4.9 g (90%) of the 
t= the of a thick, colorless ligu!a, 91-94°/0.5 mm, 28260, 


0$1.2.3°8 42.8 6 Sade trhedro® Radimeth 


14-naphthol By a similar method, 
fom 4 go! ia). 3.8 Of dicnol (XLis), Kp, S mm and 1.8235, wasob- 
tained, 


£12.35 I2naphtbol (XT), The dienol 
(4.92), Open sulfate (LS gy) and pyroygatiol (0.05 g) were hearcd for 15 minutes under reduced _- 
($5 mm) ab 14° 159° towan}: fhe end), “The usual ucatment and fractionation yicléed 2.9 3 (66%) 


of 4.4,4a, 7, 8. Ra he xahy dro thy} in the form of a colatless mob!tx Uguid 
of pleasant odor, b. >. mm; 


sim‘Jar to that of the previcrs From 3.7 g cf Ce cicwal (Xa), 2.0 of 1,2,42, 5,6, 
naphthalene (XVI), b.p 68-10°/0,5 mm and 5 was 


Found %: 88.67 H 10.2 
Calculated. C 89,3; H 10.7 


Cordenuases the Dieriol (xy with Dimethy] Maleate, A mixture of the dlenol (XL). 8 Rand di 
methyl maleace 19 mini np was heated at 100° for six hours, “The excess of te ester was 


wer Off under -edaced tress.¢ (1 min) On water bath (12.5 g). The was heated with finely ground 
potass‘um hyd-oges sulfate (2 5 g) ard py'ogalicl (0.05 g) a. 160-170° for 15 minutes ender reduced pressure. 
“(25 mm). Leatimert, the product was 


Fraction b.p, %7-84°/1 mm; 12 1;5235, 


Fraction 165-170°/1 mm, 4.3 g: aD 5200 


Frac was the dicacboxy!' ‘co este: XIV. Lwasa thick, odorless glyceroldike Liquid. 


Og. Calculated %:- C 72.3; H 8.5 


Fraction was d‘ssolved tn alcahol (10 ml), and caustic (4 m)) was added, “The solution was 
heated at 8)-85° for three hours avd then cooled, Wate: (10 ml) was added, the mixture was extracted with 


ether, and the aqueous layer was po."ed, under cooling, into 2¢“% hydruchiove ac'd (10 ml). An ot separated, 


this quickly sol 'dified, a powder, Add:tion of § ml of ethe: accelerated this process. The etys- 


tals were {Utered off under suctios washed several tlines with ether and with water, The product was the 


ge: (XV) tn the form of a white powder, which did not melt below 200°. A low carbon content was obtained 
ta the analys’s 


Corde saz‘on of D* enol wth Dimethyl Maleate. The proced_-e was s'intlar to tha: in the 
pev‘ous From 3.7 of tne 4). 2.6 g of the eser (XiVa) was adtained, Hydolysis 
y-eided a viscous mas, which could be ca.xd to c-ysailize, 


Dehyd-oge of the Ac’d (XV). mixture of the actd (2.1 g). ery (12 g), and 10% 
palladin'zed charcoal (1 ¢) was heated a3 atmosphere of a autoclave at 370° for 11 hous 


Even thes. the was cot cumpicte, ake: wash'ng of the berze™e solution with alxalt, and 
temoval of the solvert, only 0.4-¢ of a I'ght-:ow- temalned, Aftes one 2 had partially crysiallized 


Oct, The c*ystals were filtered off washed a sirall armocnt of a m‘xture of ether ber- 


zene (10:1), 2-Methy!phesasthvete (XV (50 mg) was the form of f\-e, white crystals, S7-- 
585%. 


Calewtated C 93.7; H63 


a The p‘crate formed (Som metharcl) !'ght-b own needles, 115-117 Dehydrogenation of the acid 


(XVa). which was ‘solated an form (v'scous mass), not give clear results: tt was not found pos 
to tsojate a crystall-re hydrocarbon, 


of 24 42 7 § thyd-o6 of 8a d* nyl-aphthalese (XV wth th 2-Cvclohexene 
The (XV (1,2 g) and Feshty ‘stalled yc lohe xen-l-one { (3.1 g. b.p. 63722 mm: nis 1.4879) 


were heated sealed tube ‘n atmosphere of ca:bon diox‘de at 200° for four hours. Fractionat‘on gave the 
follow'ng tact:ons: 


b.p. 50-60710 mm: 1.6g 


Fraction consisted mainly of the ketone (XVi']) contaminated with se¥- co-dessation products of cyclo~ 
hexenone (this ts shown by the low carbon content), It was used in further zeactions without purification, 


Condensation of 12 4a 4a 5,6,8: Ba -Hexanyd: 4 (XV a) with 2Cycloheren 1-0%e, 
The procedure was sinvilar to 0 that the “preceding experiment, From 2.2 g of the tiene, 1.2 of crude ketore 
b.p. 145-155°/ 1 mm, was obtained, It was ued futher reactions without purification. 


Kizhre: Reduction of the Ketore (XVIIN) aed Dehyd-ogenation of the Hydtoca-bon Formed (XIX). Crde 
(XV UI) -(0. (0.5 &) was ms ved with ethylese glycol (3 szire ate (0.4 ml) wos added, and the mixtre 
heated for five minutes. The mixtre was to a Favorsky {Lash provided with jolots, a solstisr. of 
sodium (0.4 ¢) diethylene glycol (10 mt) wis edded, and the tucbid solztion wes heated in 3 feeble of 
gr for 10 ho.-s at 200 208" and fa. 3 two's a: 220° In the course of this @ arose of oure 
off, The sesctio: miatice wis with ewice (ts wolves of weice, and UY wes extacted with 
The e*he: eatract was weshed tetce, with 10% hyd-ochlote acid and with wate, The 


wlutton was ered wih magrestum sulfate, the ether was driven oil, and tre res!duc was ¢vaporated under 
ted.ced press ce on a water bath, yielding 0.4 of a thick Mght-brown which was tnpure hydrocarben XIX. 
be: Da purified. was hyd-ogenated as follows. 


The hydrocarbon (xix) was diswlved in 14 ml of ret 0.3¢g ae 10% palladinized charcoal was added 


ard the minature was heated in an atmosphere of nitrogen in a rotating autoclave at 250° for six-hours, The mix- 


tue was fitered, benzene was. resnoved under reduced pressure, and a residue was obtained that partially crystal- 
- }ized out, ‘The crystals were (tered off undez suction and were washed four times with petroleum ether. The 


prod xt was 14 mg of in the forin of white plates, m.p. 222-223". picrate formed \Ught- 
needles, m.p. 145,5-145°. 


Found %: C 94.45; 94.1; H 6.0; 6.1 
Calculated C $4.2; H 5.8 


Fizhrer Reduction of the ard D and: Dehydrorenation of the Hy drocarbon Formed (X1Xa), The 
was similar to that ta the preceding experiment, ent, but etude hydrocarbon (X1Xa) distilled over, Fromm 1,2 8 


of crude hetone (Vil1a), 0.55 ¢ of hydrocarbon (X1Xa), b.p. 125-120°/0.5 min, was obtained; it was dissolved tn 10 


mi of benzene, 0.3 g of pallatisem on cha:coa! (10% ®) was added, and the mixture was heated in an atmosphere 


Of nitrogen th a rotating autociave for 3 hours at 320° and 3.5 hours at 350°, The solution was filtered, the benzene 
was driven off, aud the residue was dissolved In 2 inl of petroicurm ether and cooled to—15*, Crystals were prec tpi- 
tated, and after two hours these were futered off under suction and washed with cold peuoleum ether, The product 
was 15 mg of Semethy!lchrysene, 1€6-163°, Tic plcrate formed orange needles, m.p. 160-161°. 


SUMMARY 
1, A detailed investigation has Seen mace of the conditions for the condensation of 2anethyl2<yclo- 

9 


has beer shown that this comensation procecds in two with formation of 2,3,4a,5,8,8a- 
bexabydro- O<methocy -aphthalenone (It). and 2,3, 
naphthatencne (ila) in a ratio cf apwrodmately 5:1 The yield of condensauwa products has been Increased from 

210 


3.” A detailed study has been made of rhe condensatica of the compounds I] and with alkali-metal 
acetylices in Liquid ammonia. By this means yields of 50-55% of the acetylente hydroxy ketones (V) and (Va) 
bave been obtaired, and these have dcea hydrogenated selectively in the presence of a Pd catalyst, yleiding the 


voyl bycroxy hetones (VI) and (Via), which have been cehycsared with potassium hydrogen sulfate to give the 


d'eno-es (Vil) and (Vi'a). The sructures of test dienones and related compounds have been rigorously proved 


by converting them Into known methyichrysenes aie and XXa), and also by converting the dicnone (VI) into 
the kiown 
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- CATALYTIC AMINATION OF KETONES OF VARIOUS STRUCTURES 
A. Popov, N. 1. Shutkin, and O. L, Baranovskays 


im a previous ‘nvestigat‘on [1] we have shown that reductive of acetone and cyclohexarone in 
preserce of platinized s'I'ca gel gives the prunacty amines tr good y‘eld. This fact prompted us to 
coatinue the invest'gat‘on for other ketones o de: tn deterinine the effect of the oamber of carbon atoins in 


betore molecules, having Itke ot ke rad‘cals, un the yield of am‘ne the reductive resctiva, 


the present i-west'gation we have tnvest'gated the “eductive amfcation of 4teptanone, 2-dutarore, 
2octetore, and cyclopentanone in presexce of platir'zed gel. 


EXPERIMENTAL | 


Ketone vapor, together with excess of ammorts and hydroger, was pacocd through a quartz tube contats- 
80 rl of platis'zed stlica gel, which was mounted an electric furnace with a The 
Tea piod_cts passed to a recetver cooled with and salt. 
Tue prope ties of the ketones Investig: 
TASLE 1 
Pope wes of 


The duration of each experiment was 30 min- 
sted are given in Table 1 


Our pre paratica 
B.p. Pressuse 


para in Irerature 
Speetiic 


fe fractive References 
index 


cavity. 
3-Pentanore 101 758 0.6149 1.3021 ]101.08 | 1.39265 |] [2 and 3)- 
4-Heptancne 143 759 0.8203 | 1.4064 | 143.52 0.8160 | rp, 1.4057 [2 ard 3) 
one 71-78 756 10.8087 }1.3774 | 786 0.8054 | 1.3807 [4 and 5) 
2-Octa tone 171 752 10.8193 2.4158 }272.92 o.sig5 | ni} 1.41013] and 
Cyclopentanone |128-129 748 | 1.4263 | 129 0.5580 | np 1.4266 


The co-densates obtained were dr ted with sol'd cauttic potash, and the contents of amine nitrogen 
wee dete- m‘xed by Francols* method [8) 


on experimental condition and the results of the leductive am‘:ation.of the above ketones 
ace in Tsble 2 on page 82, 


Eaperimesr No, 18, on the aintnation of 2-butanone at 200°, was cur'cd out for 4 hours 30 min, {9 order 
to fird ut how long the catalyst conwiaved to function Separate portions of conde~sate were collected every 
30 miastes, and analyses for amine nivoger comert weze carticd out for the 18, Sth, Mth, and Sth portions 
Expe:‘crects having the same purpose were cactied out also w'th 2 octanone at 206, One of these (No, 19) was 


perfermed with fresh catalya, and another (No, 24) with previously used, nowegencrated catalyst. 


The experiments showed that in the am!nation of cyclopentarone the catalyst was very quickly covered - 
with resin, so that the picces becaine stuck together, In this case, therefore, the catalyst was ether extracted after 
each Sapercment to re.nove the greater part of the resin, and was thes regénerated by roasting and blowing with at, 


The condenstes from the amination experime-ts on 2-hutanone, 3-pentarone, and 4heptanone, whith con 
tatned cons'de-able amounts of amine nitrogen, were for the twlation of thelr components and the 
charactertzation, For this purpose, the condessate was actdif'cd with hydro hlortc acid, which caused the, 
Lqu'd to separate into two Jayers, The upper layer contained unchanged hetore, ava the lower layer contained 
amines. ‘n the form of thelr water-ml hyd-o« ‘des, admixture with a little betore, which was distilled 
off and added to the ketom layet, The unchanged hetune was ded and diatlled, The aqueous solution of amine 


hlor‘des was evaporated down to low voluine, and excess of sul'd caustic olkalt was added, The amine that 
separated was dried with caustic potgch and dated, 


| 


tive Amitation of 


centent 
of condensate | 


3-Pentanone 


3.8 
3.8 
“3.8 
3.8 
3.8 


4.34 

4.10 

$49 

3,22 

4-He ptanone 
$.9 
3.7. 6.8 

3.7 . 6.9 

3.7 1.4 


2-Butanone 


6.2 
6.6 
€.5 
6.7 

6.5 

6.6 

6,1 
€.2 
6.5 
6.5 
6.5 
6.4 


3.76 
5.05 
4.11_ 
2.96 


2.41 
3,38 
4.19 
3.85 
2.98 
2 87 


4.29 
3.79 
3.29 
3.28 


2-Octanone 
2.0 2.5 6.6 
2.0 2.5 6.6 
2.0 25 8.1 
2.0 2.5 8.1 
2.0 |. 28 1.3 


1,83 
1,73 
1.56 
1,17 


1.16 
0.96 


42. 3.2 1.63 
4.2 3.2 3.8 1.85 . 
4.8 3.2 1.62 
4.5 0.70 


From 22.0 g of united condensate obtained from the reductive autnation of 3-pentanone and contain- 
ing 451% of ainine nit:ogen, 13.0 g of wachansed ketone and 4.7 of ainine were {solated, The lsolated 


tone had b.p. 100°/758 mm, ate 0.8148, and rp 1.3022; it had remained, fairly The amine 
had b.p. 867/736 mm, 2379 and 1.4063, “Analysts 


- 
‘Te “Aint. taben for reaction: } of condensate(c¥ Ainine- 
Ketone |. Ammonia] Hydrogen Crude’ nitrogen 
No. co Iters | drying content(% 
; 260 6.5 3.7 34.0. 
170 6.6 . 3.0 30.8 
230 6.6 3.0. 33,7 
15 260 | 6.4. 3.5 15.5. 
200 6.5 4.5 2.5 22.3 
6.5 4.5 3.5 19,7 
189 | 6.5 4.5 3.5 17.1 
290 6.6 10.8 
23 320 6.6 
24 200 6.6 
86 


Tod %; C 68.90) H 15,09) N 16.27 
Calcslazed C 68.80; H 15,04; N 16.07 


The amire obtained, ‘th ‘the-efoie, was. properties and to “for 
which the Literature gives b.p. 90-91° acd 0.7473 [9} 


From 15.2 g of condensate Eom the reduct’ve amination of 4-heptsrone content 4, 15%), 
8.0 g of sachanged and 4.5 g of am’ne were twisted, The isolated betone had b.p, 143*/753 mm, di’ 
6.8205 acd 1.4062; these prope-ties cotespond to 4-he pranone, The amire obtained boiled over 
the rarge 138-140/760 mm and hsd 0.7657 sud 1.4178. 


Found C 72,58; H 14.59; N 12.18 
Calcvisted @: C 72. H 14,89;'N 12.16 
88 propertes acd aralys's the am‘re obta‘ned covesporded to 1-propylbitylam‘re, for which the Lrerature 
stves: b.p. 140-141°/745 mm acd 0.7671. 

From 52.1 g of ux: 


ed condersete 3.56% of which was chtatred by reductive 
amizazion of 2-batanone, 31:5 g of uncharged Jetone ard & g of ainine were The ketone had b.p, 
746, 0.8084 and Fp 1.3766. ‘ch comespord to the 


62-63°/750 mm, 0. 118s 1.3808, - 


‘ral. Qdutanose, The amire obtained had 


~ 
- 


Fousd C &5.56; H.15,19; N 19.08 
Calculated %: C 65.67; H 15,17; N 19,16 


Ta its properties and aralys's the was very close Je l-methy!popylamine, which,-scc ord ing 
to the has b.p, 63°/760 mm [11]. 0.718 1.3%0 [12) 


The y‘eids of these three based the arrosnts of ketone thet reacted, were: 
soa, tha: 


aed 46.3% miy be for compari- 
the tedactivs of DJ at 240°, she condensate contained % of eltrogen, 
which corespoads to a 38% content of ‘x propylam‘ne. acd the cxpeturests wth cyclohexsnore: the 
contained 12.7% of am‘ne o: 89. Op Of cyclo xylamine, 


. 


Tne experiments show that, ove: a wide 


of temper 41494204. reductive of ketones: 
over silica gel leads the formation cf the co vesponding p-unaty amines, The sesctioas occuring 


The tem pezate oe tes the lies: tn the sarge 170-240%; & about for atercne, adoit 
200° fcr 2Dutanooe and dhemaconre, and about 170° for Spentarone, Rise tempe above 240° leads toa 


= 


reductioa the amount of corsensste ard to the fonpat‘or of products, which csase in the 
Scty'ty of the catalyst, As the wo-kirg Ife of tha cstalynt, the on the tedectve amination 


of acetsre and 2 dbutarone show that gel love its for at least 4 he. 30 mia, aad 
thar can be read‘ly regenezated by heating & seam of at, 


The structure of the betore ard. the lexgth of 4s carbon chain hsve s effect on the yield of 
amixe, The ketones investigated may be diviced ‘nto thee groups: aliphatic besones havirg I'ke radicals 
phatc betones haw'ng unl’ke sadicala and ketores of the alicyclic ¥eto.es of the fst coup (scetowe, 

S-peaawce, hepta>nne) ace sead!ly amtraced and g've the highest y!elds of the COMME In the 
with these ketones, condensates having am‘re Corte sts of 34-41.4%% wee obuincd 


Ketones of the second group (2-butanors, tanore) give lowe: yields of anst-es then of the ore 
BrOup, cond-rsates having am‘ne Contents Of 16.1 21. %% cbrained, The 2 octancoe ind’c ate 


| 
\ 
; 


that a> appreciable ‘ncreqse tie number of carbon atoms In one of the radicals of the ketone, fn compariwon 
with the owes, results an appeciadic reduction in the yield of aintae, 


As fendi: alicyclic Ketones, the experiments show that in this series the yleld of amine depends on the - 
stability of the ketone under the givea conditions, Cyclohexanone, which docs not resinify under the conditions _ 
of reductive amination, gives a high yield of cyclohexylamine, Cyciopentanone, which readlly undergoes auto- _ 
condensation under the aminazion —- tite — having a low (noi above 11.3%) content of cyclo- 
peatylamine, 


SUMMARY 
1. Reductive amination of ketoncs in presence of platinized silica gel gives only primary amines. - 


2, The optimum reaction temperatuse Hes in the range 170240° 


3. Allphatic ketones having like tadicals give hisher yields of a:nines than ketones having unlike radical 


4. Equal increases in the numbers of carbon atoms of the two identical radicals of a ketone d2 not’ lead 
to reduction tn of amine, 


S. Increase tn the nurcher of carbon ato. tn only one of the radicals of the ketone leads to a reduction 
tn the yield of amine. This reduction in yield is the greater, the greater the. difference in the numbers af gates 
atoms fa the twe radkals of the ketone, 


6 inthe reductive amination reaction, eyclopentanone gives yields of amine, owlng to the 
occurrence urdet these cord't tons of condensation and resinification 
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AND DEHYDROGENATING POWER 
OF NiCKEL CATALYSIS ON VARIOUS CARRIERS 


N. 4. Shutkin, Kb. M, Minachev, and L. M. Feofanova 


Thanks to the work cf Ze"tasky and cowozkers, nickel catalyst on various carriers (aluminum oxide, — 
silica gel, activated chatceal) Rave teceived wide application in the practice of hydrogenation and dehydro- 


genation catalysis. It be however, that nickel catalysts oa have generally been prepared 


with a relatively nickel content ta59% [t] At such a high nickel content, hydrocacbons undergo con- 
sidetable breas dows unter condiitons at 300° and above. Thus, one of us [2) has shown that 
when ts raced at 320° over a MI/ Als, catalyst containing 50% of nickel, the gas Icaving 
consists of 57.1% of hyd'cgea acd 42.1% of metane, at 400°, cyclohexane is broxen down completely to meth-" 
ans and hydrogen, 


Gav: dovsyaya [3] has observed that, already at 300°, a nickel catalyst (37% of nickel On silica gel), 
causes the breakdown of elnet 2% Of cyclo'esane, Also, it should be noted that nickel catalysts of high nickel 
content (of the ower of 50%) lose much more rapidly than catzlysts of lower active nicke) content, 


It was shown 11 one Of cur gations [4] that nicke! prepared by impregnation of active 
charecal with nicke! nitrate jolutien and contatning from 4 to 0.59 nickel are very efficient for the hyd:ogen- 
ation of the benzene ring, Their ectivicy for dehydsogenation reactions, however, is much below the optimum, 
and this method of prepaiatton pera its us obtain highly active catalysis enly for hydrogenation purpmes. La 
this investigation we decided sicdy the bydregedating and powers of nickel catalysts con- 
taining from 12 to of aicxe! oa various carriers, 


Apast f:om the panzer of {3} already mentioned, there are practically no data in the Irer- 
ature on the activity and of e:cxe! catalysts prepared oa vatious carriers, Gaverdovskaya anempted to 
determine the infiuence of ine cartier cn Che activity of a nickel catalyst. W whet his cbjective, a series of catal- 
ysts was prepared: they cons. sed of wicked piecipitated on Al,Oy, S103, aibesias, active charcoal, and 
ZnO, The most active for the gebvdrozeration of the cyclohexane sing were the fivst too catalysts, and the 
Jeast active were nickel on Z29 and nickel oa Active chazcoal, The author was not successful in establishing 
the relation of the demyéregsraitng power of a nickel catalyst to the chemical nature of the carrier, for diffezent 
methods were used for the predacatiot ef the vatious catalyst. Also, the catalysts prepared and investigated by 
Gaverdovskaya vatied g:catly in xickel content (from 4.3 10 47.1%). 


Our investigation of properties of nickel catalysts precipitated on ZnO, MgO, and 
Fe,O, has shown that the coger ating activity is exhubited by nickel on and on ZnO, and the 
lowest activity by nickel preeipttated on ferric oxide, Catalysts containing 11-12% of nickel precipitated on 
Al,0; or ZnO cycimtexans to the extent of £0-9¢% at 320°; under the same cond:tions, nickel on 
‘fernc oxide debyd-ogenates cyctohexane only to the extent of 10%. The degree of conversion of cyclohexane 
Over the same catalyst at 100° was FC%e, All the ca*alysts studied, with the exception of Ni on FegOy have high 
hydrogenauing power acd pres: re for a long time. 


In the reduction of the catalysts a very interesting was identical conditicns 


of reduction with hydrogea (:emoerature, ume, ainount of hydrogen), nickelous oxide was most readily reduced 
to nickel in the catalysts MID/ ZrO and NiO/FegOy; it was most difficult to reduce when in admixture with 


bMigO. This fact ts evidertty to be explained by the formation of stable compounds of difficulty reducible nickel- | 


ous oxide with the ineta! oxides acvlied as carriers, A similar fact was obse:ved by Hill and Sclwood (5), who 
wete unable to seduce NiO/ M20 end NIO/ T10g to Ni/ MgO and Ni/TiOg. They attributed. their lack of success 
to the tendency of nickel ions to bu'ld themselves into the lattice of the carrier, 


It follows from this short seview and from the results of our eape iments that to obtain active, stable nickel 


catalysts, they must be prepared with a svlasrely low nickel content (15-24%) and ZnO of AlgOg must be used as 
carrier, 


2 


‘Figaces 1, 2a and 2b. As will be wen fam Pig 1, the bydmogenating poner of an Ni/ ALO; catalyst remained 


EXPE RIMEN TAL 


Pepaation All the catalysts studied were prepared by. the coprectp! lation inolar solu- 


tions of the ni- ates of the conespond'ng metats with a 30% solution of caustle soda, The hydroxides forined 
were washed with pure tap water to from NOG fons, off, dried at 320-130°, sround to a powder, 
amd converted tadiers of cylindrical form 34 mm; length, 5-6 mm) ta a special 


were out in the apparatus, as dexctibed In al of the experiments 
the volume of reduced catalyst was 50 pl The reduction of the catelyst was carsied out in a stream of elec- 
hydsogen with gradual elevatiaa of the temperature to 350-360", In the reduction process, readings 
were made of the Ume and amo.nt of hydrogen used, The nickel contexts of the catalysts were determined 


by dissoiving the catalyst tn ainte acid, neuraltzing the solution with ainmonta uatil sitghdy athaline, and 


prec ‘pitating with dimeihylglyoaure, 


The rate of passing cycloheaane vopor was 0.3 Iter per Liter of catalyst per ; hours the rate for benzene 
was 0.06 Iter per Mier of catalyst per hour, Analysts of the fssuirg gas was performed tn an Orsat~Lunge appar 


atus. The degree of conversion of cycicne cane into benzene, and of benzene into cyclohexane, was determined 


The cyclohexane uzed in the experiments had the following consants: 


b.p. 760 mam, 1.4384 and 0.7760. The benzene (thioptere-t:ee) had b.p, 80.0°/754 mm, 2.5005 
and §782, 


Activity sa Sud: of the Nickel Ca 


efs See: 


The tniita! atioa and activities of the catalyas investigated are given in Yable L 


will be seen fom the ctven in tadle that nich 2] catalysts on and cn ZnO have 
bigh cenycrogersting powes, Catalyes precipitated on and on of lower activity; and nickel on 
Fe, 0, practically worhicss asa Gadydrosenstion catalyst, All the samples studled, with the excepion of 


completely bydrozenaze bexce: na to cyclohexane in cre passage at 160-170". 


TAILZ 


Cyclone 
of | of catelyaate | conversion | 


1 14 . 1.4265 100 

3 2.6 Ni 687.4650, 1.6570 | 52 2.4320 89,2 
16.2 NO 85.8 1.4530 | 45 1.4265 100 

16,9 © 83.1 2.4320 | 12 1.4950 5.6 
6 19.5 480.5 1.4870 | 87 1.4264 | 100 


With the object of detecminirg the stabilisics of the catalysts after frctioning for larg peztod fotlow= 


ing the measuement of the!r in‘tlal activitles, cyclohexane was pawed, grd then benzene, under the given 


dittony, The vastatioa in hydrogenation and dehydrogenation propentes of the catalysts stud'ed ace g'ven in. 


quite uncharged after 80 boura During the samme period, the activintes of and catalysts fell 


by 18 and 20% respectively, The degree of dehydrogenation of cyclohexane fell gradually with time, Theres 
_datively b’gh of the cataly:ts we have studied in Aydragenation and seactions are 


evidently to be explained by the compazatively low concentration of finely dispersed nickel oa the highly de- 
veloped surface of the th this case the active picke) ds on the carrier fr. such a way that its 
tplutrg powe: ts coxsiderabty weakened tn comparisons with fares of atckel 
Catalysts Cesxcribed tn the tavestigations cued (1,3) 


74) 


— 


inten 


hows - howrs hours 
“Fig. 1. Vartation of hydrogenation A, Varlation of dehydroyeration 28, Varlation of dehydrogen- 
properties of catalysts with time; properties of catalysts with time: ation properties of — with 2 
0-19. Ni 80.5% 0-19, Ni ¢ 80.5% Al,Oy; 
A-17.0% Ni + 83.0% C105 Ni 483.0% Cr, 0, 11.5% Ni ¢ 85.6% ZnO; 


A— 12.6% Ni + 87.4% 


Spectally des‘gred expertments sowed that, right up t0350°, the catalyst that we have studied ¢ld not cause. 
methane breakdown of cyclohexane; only above 350° d'd the splitting efiert of these-catalysts become appreciable, 
The experimental results obtained ace given {1 Table 2. “As will be seen freon these results, only at 370° and higher 
do the catalysts sud‘ed have apprec'able splitting action on hydrocarbons, fie asnounts of saturated hydrocarbons 
formed indicate that the carrier also has a defialte effect on the extent 6f the decomposition of cyclohexane, 


Effect of Tempezatuce on the B: eakdown of Cyclohe xane in of Niche} Catalysts on Various Carrters 


Temperature Composition of catalyst. yn of catalyst (% 
of Expt. 19.5% Ni + 80.4% 18. 1% ¢ §1. 47% 7nO 17.6% Cr 


SUMMARY 


1, A sudy has been made of the dependence of the bpdregenetting and dehydregenating powers of a number of 
aickel catalysts on the!r contents of finely dtspe-sed nickel and ou the natwe of carriers, 


(2, I has beer shown that the most active nichel catalysts are obtained when A 4s 2n0, or cH, {s used as 

nickel on ferric oxide ts of no value as a hyd:ogenation o: dehydrogenation 
3. It has beer, established that catalysts on carriers having a nickel content of ups to 20 ‘edo not Qt spt cyclohex- ‘i, 

ND. Zeltesby, 51, 667 (1924); Shatda, Phys, Chery, 101 D, Zelinsky and 


G.S, Pavlov, Bull Acad, Sct, USSR, No, 6, 193 (1923), 


(2) N. L Shuthin, Gen, Chem,, 7, 1015 (1997, 
M. Gaverdovskaya, Chem, Ind., 12, 497 (1935), 


 &§ 
Hg (%) [Saturated hydrocarbons] Hy | Saturated hydrocarbons | | Saturated hyciocarbons 
300 100 | 100 100 | 0 
; 
vee 


No PW, Am, Chem, Soc. 71, 2382 (149). 

[5] KRM Minachew an@ ft. phuikin, Prec. acad. Sch, USSR, 72, 62 (1550), 

17] ND, and G S. Paylov, J. Russ, Chem, 584139094 


jure 4, 1952. Institute of Organic Chemistry, 
Academy of Sciences of the WQS.R 
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REACTIONS OF VINiL ETHERS 
* COMMUNICATION VIL REACTIONS OF ACETALS DERIVED FROM ETHYLENE GLYCOL 


M. F. Sho sakovsky, N. A. Gersbtein, and Z. S. Volkova. 


. 
when distilled: 
JOR 
2CK,CH == CHCHOR, +CHCHOR). 


Acetals of ethylene glycol are part‘cularly susceptDle to such changes, Atteinpts to prepare bydroxy acetals 
by dsect add:t:on of akc ohols to 2-vinyloxyethaol were not successful owing to the rapidity with which the vinyl 
ethe: umbergoes cycliza:'on, when heated, or in presence of acid catalyst — 


+ HOCH,CH,OH 


= 


+ HOCH,Ci4,Cl 


+ ROH 


OCHy 
¢ HOCH,CH,OCH,CH,OH C#,CH 
heating OCH, 
cH — 


Mo cover, acetaldehyde ethyl 2 prepared by a different met hod 4). is also ‘notable 


for tts high trstab'lIiy, and shows a great tendency to teact with formation wash the same ethylene ayes acetal 
(2 methyl 1,3 : 


Eves the disthyl ethylene dtacetal which has no free 
splits on being distilled at atmospherte pressure with formation of 2 methyl-2, Sdionolanss 


pu och, 
CUCH, ~-> City 4, @ CHL 
HO ity 


It has already been coted tn previous pape-s [2-3] that mined acetals of the type CH,CH undesgo partial 


of 


dg | 


weich tia unergoes cyclization: 


We have observed simUar reactions when attempting t to peror the synthesis of the cyclle dlacetal ay from 


ethyle-e glycol and the heterocye Ue acet al qu) from in accordance with the 


OCH CH, 


tn the fist case, instead of the expected diacetal (1), the same 2-methyl-1, 3-dipxolane was 
- fgolsted in quanttatve yteld, The result obtained ts to be explained by the decomposition, under the conditions of 


the reaction, of the 2-hydroayethyl C-vinyloxyedyyl acetal formed, Siving two molecules of 2~inyloxyethanol, 


« + HOCH,;CH,OH —> CH,CH 


OH es 


‘lacly. 2n the case {synthes!s of the acetal (1I)), we obtained completely unexpected results, 
S0% y‘eld of a ‘hydroxy pol yacetal derived fom diethylene glycol being obtained: 


OCH,CH,OCH,CH,OH 


CH 


ts evident that bese we have encountered a series of readily occurriig which, we think, 
may be schematically represented as follows: 


3 


OCHCH,OCH,CH,OH 


—> 2Cly=CH-OCH,CH,OH 


3 


Itfs televatt tere tu point Out that symmetrical acetals als teadily undergo various reactions similar to 
those of compounds hav'ng multiple bovds [5 10) The reactivity of acetals ts related to Unels property of 
read‘ly treskirg down wits fo: mation of vinyl cthers a3 tatermediate compounds; we have previously crawn 
attertion to this fact [1, 2, 11) we stall not consider the mechanism of these seactions in detail here, since 
we shall publish a speclal communication on this quesion. 


EXPERIMENTAL 


1, Resction of 2-Vinyloxyecthanol with Ethylene 


The zeaction was carticd out in a thee-recked Mask fitied with reflux condenser, 
mechanical stirrer, thermometer, and dropping funnel, Ethylene glycol (28 g, 0.45 mote), contataing 
one drop of 32% hydrochloric acid, was added todunkaily pure 2-vinyloxyethanol (b.p, 139, 25 1.4229; 
sa 39.0 g, Le, 0.44 mole), ‘ddition of the first drops of ethylene glycol was accompanied by an tered int ¢ rie 
in temperature f-om that of the rooin to 100%, Addition of ethylene glycol was discontinued until the reaction 
mixture had been cooled to 30°, when the remainig ethylene glycol was added; this futher addition of 
ethylene glycol avd catalyst did not, however, result na further exothermic effect, The react'on miat 
was xt aside overnight and then fractionally distilied in a stream of pte yiclding: 


Fraction , b.p, at 758mm; 2.8¢ 

Fractioa U, b.p, 82.3-84°st 758 mm; 32,8 g 

Fraction UL b.p. &-186°at 758 mm; 2.3g 
saction IV, b.p, 74-75° at 26.4 


Fraction il, after treatment 9 (82%) of the cyclic acetal 2-methyl-1,3- 


d‘oxolane, b.p, 82.6-82.9° at 762 1.3981; eb 22; found .42; calculated for 
MRp 21,758, The literatwe [12] gives b.p. 82.5; 


Hydrolysis with 2% sulfuric acid and estimation of the formed with sodium — 
indicated a C.H,O, contert of £3.53% end 160.1% of A ong réquised theoretically, Fraction {1V) was foe 
to be ethyles glycol: 196-197° at 760 mm, 1, 4320; yield 93%. 


Under these reaction corditions 2~vinyloxyetharol tsomerizes: 
Och, 
| + HOCH,CH,OH 


2. Reaction of Acetaidehyde Ethyl] 2-Hydroxyethyl] Acetal with Ethylene Glvyco 


CH,CH 


H* 


An eystmotecula: mixture of 34 g of ethyl 2-hydroxy acetal (b.p. 59,2°/2. Smm,n 1.418%; 6.2753) 
acd 16 of ethylene glycol (b.p. 156 -957°, r3 1.4320) was heated in a rotating stainless steel] 500 ml autoclave 


for 10.5 hours a: 200- 220°, The pressure tn the autoclave attained 12-14 atm, The product (43.07 g) was a 
bo:nogencous, I*ght-yellow, mobd‘le Iiqu'd, irom which two fractions were isolated; 


Fraction I, b.p, 73-74°, 23.9 g; 1.3829, 


Fraction il, b.p, 12%-123.2" at 50 mm; 16,11 * 1.4318 
Fraction (1) was a. mixtwe of the cyclic acetal and erhanel, It was not porsibie to resolve this 
j 4 ‘ 


mixture with the a:d of a column of 40 theoretical plates and a reflux index of 7, and the whole mas came 2 
72,6 and had 1.3830, By treating this fraction with sodium we succeeded in obtataing 2-methyl- 
; having the following constants: b.p, 82 7-83°; nj} 1.3982. Fraction (11) was unchanged ethylene 
giycs. it appears, therefore, that. acetaldehyde sty? aceta) reacts similarly to lnyloxye thanol: 


CHO A 
2 Reaction between Ethyl vi nyl Ether and Ethylene G1 col in the Molar Ratio 
of 1:2 


The reaction was pan Out in an autoclave (1S0- -180°, 8: 10 atm, 12 hr, 30 min), Ethylene glycol (124 @ 


“Le, 2 moles) ethyl vinyl ether (70 g, fe, 1 anole) ylelded a (189.1 g), which gave on etlonation: 


a. 
7 
~ 
; 
| 


acetal ts consWerably high “et than that of the sddition reaction, te ——> in the {soldtioa of the cyclic acetal: 


Fraction L, b.p, 52-75* (inalnly 74-75" 199.55 1.3820 
Fraction b.p, 113-115* at 31mm; 67.75 gi ny 1.4310 

Trapped tn coll at—14-15° 12,10 gi 1.3830 


Fraction (I) and the contents of col) were ueated together several times with sodium, yielding 60.2¢ 
70%) of Sancthyi-1,3-dioxolane, b. p. 82.5-83,2°, 1.3982, Fractivn (11) corresponded to ethylene glycol 
(4% of Original), b.p, 195-198", n . 1. 4320, The pt of the reaction can be expressed by the following scheme: 


Chy= + 2HOCH,Ci,0H —> CH #HOCHCH,OH: CH,CH 


4. Reaction of Acetaidehyde Ethyl} 2-Hydrox 1 Acetal with Ethylene Gl 
in Presence of Catalysts 


The conditions were the same as in Experiment 1, The fira drops ner glycol containing catalyst 
priced an exothernic effect: the tempetatuie rox rapidly to 85°, From 34 ¢ of the ethy! 2-hydroxyethyl 
acetal and 16.1 g¢ of ethylene glyco! in presence of 0.625 g of concentrated hyZrochiorle acid, there were obialned: 


Fraction 0, b.p, 13, 5-74" at 3mm, 16.11 g: nD 1.4318 


Fraction (1) ylelded 15 g (67%) of b.p. &1.8-82.2°, nt} 1.3830, Fraction was 
ethytene glycol, In this case al. the rate of the conversion of the ethy! Stetenetah acetal into the cyclic 


of Acetaidehyde Ethyl 2- Hydrox ethyl Acetal under the 
Action of Heat 


OCH,CH,OH 


Pure acetaldehyde ethyl 2-hydroxyethy! acetal (34 R) was heated ina aainies steel autoclave for 8 hours 
at 200-315°; the pesure rose to 15-16 atin. At the end of the reaction 30.1 g of liquid was obtained; it gave the 
foilawing results on being fractionated: 


Fraction L, b.p. 52-73, 4.22 g; 1.3828 
Fraction b.p, 73-74; 27.30 g: 13830 
Re ddue 1,50 g 


These results show that sinple heating of the ethyl acetal leads to tts and 
cyclization: 


Atte mpts were made alio to prepare the bis(2-hydroxyethyl) acetal and study its reacuons, 


s 


f 


| 


(b.p. 81.5 82°: ny 


Hydzrolys!s of Risy2- chlorocth 1) Acrtal with Sodium 


Solution 


HCHOH 


CH5CH 


The reaction was carried out under the condit!ozs employed for the hydrolysis of 2-chiozocthanol in the 
synthes's of ethylens giyeol [13]. The bis(2-chluroethyl) acetal was prepared by the disproportionation of the 
butyl 2-chioroethyl acetal, which occurs in the course of its synthesis: 


CH-OK HOCH,CH,C] —> CHCH CHEW OC + 


The acetal (b.p. 104-195* at 10 mm; 1.1737; n D 1.5529; (47.0 g), NagCO, (30.0 
624 watts (209 ml) were heated tr a roisting 506 autoclave 4 hrs 25 min at 146-352° and 
fo- S at 180-150", Gascous prod :cts (S65 ml) were cojiccted, ard a clear smelling of bunt 


was Obtatred (259.75). The composition of the products was derermined by in an ORS 
Spparst.s. 


Content of: 


saturated cpd.(by d‘ff.). . 27.8% 

100% 


The yield of pure sod‘um chloride was 26.5 (82%). 


The itquid pant was treated as follows A black resin, which we did not study further, was lsolated from 
the ether extracts. There were ro traces of fee acetaldehyde present. After numerou’s fractioaations of the 


part, in the course of which NacY separated, 8.15 g of pure ethylene giycol, b.p. 76-79° at 8 mm: nf 
1.4318, was tsolated, 


A furthe> expertmert on the hyd-olysis of the bis(2-chlorce thyl) acetal ender milder cond itlons (120-140° 
for 2 hours ard 160-170" for 1 hz 25 mtn) gave suntlar results: from 29,7 g of the bi 2-chloroethyl) acetal, 
20 g of \a,COy, and 140ml of water, 6.2 g of ethylene glycol, 550 m! of gaseous products, and some resinous” 
s.dstarces were obtained, By the hydrolysis of the b's(2-chloroethy!) acetal,-therefore, we did not succecd in 


obtain'rg the bis(d! hyd-oxyethyl) acetal, because the reaction did not proceed in accerdance with the scheme 
given above, 


of 2-Viryloxyethanol with Diethylene Glycol 


The reaction was carried out in a three-necked Mask, as in Experi:nent 1, drop of concentrated 
hydrochloric acid was added 10.27 of diethyiene glycol (b.p, 128,5-129° at 8 mm; 1, 4475), stirring 
was commerced, and 13 g of 2-v'nyloxyethano) was added froin a dtropping funnel over a period of 1 hr 30 min, 
The reaction was exothe:mic, but the rise of temperature was slow (froin 18° to 30°). The mixtwe was then 
set as'de for 48 hours, Fractionation yielded 24.6 g (91.2%) of wuhanzed d' ylene glycol, 18.5 of 
1.3982)and 3.07g of a high dolling substance having The consistency 


of glycerol: i decoinposed when an atteinpt was made to dis it at 1.5 min, and was therefore not studied 


farther, The main reaction in this may therefore be represented by the equation : 


Hy 
97 


ursaturated cpd....... «(0.4% ‘ 


- 
: 
. 
2 ‘ 
by 
: 
q 
; 
F 
q 
: 
- 
> 
ae 2 - 
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on of Vinyl Ether with Dicthyicne Glycol 


The conditions employed were stintlaz to those of the previous experiment, Ethyl vinyl (18 ¢) was 
added over a peril! of 1 hy 19 min to diethylene glycol (26.5 ¢), which nad been carefully mixed with catalys 
“(hCl). The temperature rose fom 16° 10 55*. When the whole of the ethyl vinyl ether had been added, stirring 


was continued for 25-3 hours further, after which the reaction mixture was sect aside we vacuo: 
in a steam of yielded: 


Fraction L, b.p, to 50° at 3 mm: 12.36 g: L3esu 


Fraction I, b.p. $8 min (with decompostion): 3.92 
Residue tn fiask 23.23 cb 1.4520 


Disillation of Fraction (1) undez ordinary pressure yletded 1.85 ¢ of a substance boiling 15-18" 
(mainly 78°) his after being cisitied over KMnO, + KOH, was found wo be ethanol, b.p. 78°, ny 1.3618), and 
3.2g of aceral dehyde diethyl acetal, b.p, 103-104° at 758 nb 1.3520. An attempt to disul the 
residue in a bigh vacuum (0.17-0.19 mm) gave ho positive results, since the product began to decompose, | 


A second experiment was performed under the same conditions with the object of fsolatiag the high- 
bolling product, wking steps to prevent tts partial decomposition, With tils In view, at the end of the 
reaction the low-dolling products were driven off under reduced geessure at temperatures of up to 120°; the 
teridue, after cocling, was excvacted several tunes with absolute ether In order to remove low doijing ¢ »mpounds 
and other sdstances soluble in ether, the bulk of the product being incolvbdie In ether, Residual ether was 
removed by teatcent in the cold at low pressure with a stream of ery nitrogen that had been passed through 
atxaline pytogallol swlution, sulfuric acid, and caustic alkall, The low-pressure treatment was continued until 
constant weight was attained. The product was <1 almost colorless substance (28 g¢, Le. §9.25% the 
assumption that the product was the substance (!1)). it had the consistency of Sween. was without odor, 


and was insoluble in ether, bit readily soluble in alcohol and water; 1.1087; 1.1067; nf} 1.4600, M 
(ctyoscopic In sound $54.5; $33.7; $41. 


Found C 53.48: $3.50; H 9, 238; 949 
Catculated : C 32.53; H 9.16 


These results indicate the emptical formula w be C,,H,2 De the calculated value of M being 502.6, 
On the basis of this formula, the vaive found for MRp ts 124.2; MRp calculated for C,H Og ts 123,276, 


Hydodiysis with 2% sulfuric acid gave values of 100.4 and 101.1% These results permit us 
to ascribe the structure (LJ) to the product fsolated, 


9. Reaction of 1,2-Divinvloxyethane with Ethylene Glycol 


The ob.ect of this experinent was to synthesize the substance (1). The reaction was carried out ina 


thramnecked fask, as in the preceding eaperiments, Ethylene glycol (15.5 ¢) containing catalyst was added over 
a pert 


od of 15 minutes to 28 g of 1,2-<ivinyloxyethane having d.p. 126.8%, mf 1.4350; d3® 0 


in the flask roce fom 15* to 


$220, The temperature 
+ Wren addition of ethylene glycol was complete, stirring was continued for 3.5 
hours, and the reactica mixture was then xt aside overnight. Vacuum distillation yielded 38.6 g (87. Me) of the 
cyclic acetal 2-methyl-1,3-dioxoiane, 18.5°/2 mm, After redistillation under atinospheric pressure its 


constans were: 82° 1.3983; 0. 9798; found MRp 21.67; calculated for Cats MRp 21,758, 


1. A study has been made of the reactions of 2-rinyloxyethanol, 1, ethy) vinyl ether, 
and acetaldehyde ethyl 2-hycroxyethyl acetal with a glycol and with diethylene glycol, when heated, 
and also in presence of catalysts (covcentated 


2. It has bees shown that both 2-vinyloxyethanol and the ethyl 2-hydroxyethyl acetal are cima 


readily converted into the cyclic acetal 2-methyl-1,3-dioxolane, The second of these reactions proceeds via 
2~vinyloxyethanol, which ts cyclized under the conditions of reaction, ; 


3. Ithas been shown that if 4s pouible tw apply the reaction to the of 
molecular-weight acetals, 
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ACTIVATION OF VINYLCAPROLATCTAM IN PRESENCE OF HYDROGEN PEROXIDE 
M. F, Shostakovsky and F, P, Sidelkovskaya 


One of us fl, 2] has previously suggested that polymerization processes of unsaturated sinipeeali do not con- - 
stitute an lsolated phenomenon, but are very closely associated with other-ehemical reactions of the monomers 
At, solvents, and other tubstances present duting polymerization may have important effects [J] These factors may 
either encourage the formation of high-polyner products, or, ou the contrary, involve the original compounds in othe: * 
reactions peewyds, alcoholysis, oxidation) and so lower the yield of polymer, The temperature and the concer 
‘tation and amount of catalyst are also of Importance, It has been shown, in the case of vinyl acetate, that the sa.ne 
Catalysts (hydrogen peroxide, benzoyl pcrox!de) not only cause polymerization, but also facilitate addition of al- ea 
cohols, acids, and water 


ln a study of the polymertzation of vizylcaprolactam in presence of 30% hydrogen peroxide (4) it was found 
that at 140-150° only polymer formation occured, At 100-125°,, however, not only polymers, but also small amounts 
of monomeric co:npounds, caprolactam and acetaldehyde, were found in the reaction products, Theis formation may 
be explained by hydrolysis of the original vinylcaprolactam,..As there is very litue information in the literatu.e on 


the question of hydrolys!s presence of peroxides (2), it was considered that a more detailed of this 
would be of g-eat Interest, 


In this investigation a study has been made of the reaction of vinylcaprolactam (2-ox0-l-v inylhe xamethyienimine 
with water in presence of hydrogen peroxide, Actually, in this case two processes proceed simultaneously, namely hy- 


Ch, 
¢ CN 


ef 


According to the te pera tu: ¢ and ratio of the components, one orother reaction predominates, In a.control ex- 
periment, which v ‘aylcaprolactam was heated with water at 100° in absence of hydrogen peroxide, nelthet po- 
lymer'zat‘or ro: hydrolysis products were obtained in detectable amounts: the vinylcaprolactam was recovered un- + | 
changed pract‘cally complétely.: It follows that hyd:ogen peroxide is a both for the polymerization and 
for the hydrolys!s of vinyleaprolactam, The reevlts of the experiments are given in Tables 1 and 2. It follows 

from Tabie 1 that with increase fn dilution at constant temperature the percent hy¢rolysiz tises and the percent poly- 


metizavon falls, On the other hand, ata given dilution (Table 2), with rise in semperature the percent poly- 
merization rises, 


Reaction of with Water in Presence of at temperature and Varying Ratloot Com- 


ponents 
: 


Yield of 
polymer (%) 


‘Temp. of. 
outer bath 


Molar ratio of vinyl- 
caprolactam and water 


Temp. of 
action mixture 


120 — 130 
120-135 
120-135 


> 
| 
Expt, No, Yield of . Total per- 
caprolactam (%)] cent con-_ 
version 
9 1:135 1.5 84.5 92.0 
| 


intervals tn the range 60- were Investigated, It wis not found posible to raise the 
temperature adove 120°, since alrealy at thts tesnperature vigorous boiling o! the mass was to be observed, The 
acount of catalyst and the duration of the experiment were the same tn all case: {see Experimental) 


Reaction of with Water in Presence of aL Constant Ratio of Commpone ats ard Varying 
Temperatures 
Expt, No, Molar ratio of Temp. of Temp. of re- “Yteld of Yield of Total per-- 
“vinyleaprolactam | outer dath(°C) | action mixture | polymer (% caprolactam (%) | cent.con- 
and water version 
19~—&2 - Traces Practically 0 
100105 § 46 
120-135 1.5 92.0 
150-160 


38.9. 


94.1 


Ir shouid Se noted that below 106° the general reactivity of vinylcaprolactain in presence of HO, falls 
(Experiments nos. 11 and 12, Table 2), By variation of temperature and Gilution, therefore, the process may be 
dtrected exher wward predominant hydrolyss, or toward polymerization, 


These experiments confirm the conclusion reached previously [1, 2, 3] that the polymerization as unsaturated 
compounds, leading to the formation of macromolecular products, is only a special case of the reaction of additio; of 
one organic compound to another, Hence, the course of poly:nerization processes (particularly in solution) ts aralogou 


to that of other additiog zeactiiws, being determined beth by the nature of the original moromer, and by the nature of 
the medium and by the 5 


phystcal conditions under which the process is concucted (temperature, light, pressure, cat- 


EXPERIMEN. AL 


Reaction of 2ctarn with Water in Peserce of Hydrozen Peroxide 


Vinyicaproiactam (15.9 g) ard distilled water (20 ml) were tntroduced into a shecie-nechind flask fitted wit 
stirrer, thermometer, acd reflux cuncenser attached to three Tishchenko vessels {led with water, and heated in a~ olf 
bath. With the temperature of the off at 120-125° ard that of the reaction mixture a: 97-9g8° , small amou-ts of 
22% hycrogen petox‘de were adxed every 15-2 hours, the total ammount added being 0.51 g, ard the durat'or of the 


experiment being four hours Heating was dtcontlwed, nitrogen was blown through the sysiem, ard the pod:ct was 
treated as foilows: the amount of acetaldehyde was determined by titrating an aliquot part of the reaction mix 


az.d also the contents of the Tishehenko vessels with sodium, bisulfize, the calculation _ carried out ~ the 
. 


2.2 (B—OD 
1000E 


A= 


(A Is the amount of acetaldchyde (g), Bis the amount of 0.1 N fodine (ml) consumed ina control experlment, C's the 


arpount of 0.1 N lodine (ml) consumed in the working experiment, do the total amount of solution to be analyzed (m)), 
and E is the volume of solu:ion taken for analysis (ml). 


As a result of the tication ft was found that there was 1,15 g acetaldehyde tn the main reaction product, and 


0.44 g in the solution from the absorption vesels: 1.59 g of ny in all, This amount of acetaldehyde cor- 
responds to S g (2%) of the or‘ginal vinylcaprolactam 


© In this and succeeding experiments, in spite of all precautions taken, It was not found isi to account 
for the whole of the acetaldeyde, b is evidently partly lost when the separate portions of catalyst are invoduced *rto 
the reaction mixture, bt ts necessary to estimate the degree of hydrolysis by the amount of caprolactam tsolated 


: 
4 
| 
| 
| 


4] 


The mats reacties product was fractionated, first at aim ospheric pressure, and then under reduced presse: 
tk: low ng fractlovs were cbtaired: “9 


‘Fraction 40-95°/755 mm; - 

Fraction 29-40" 29mms 17. nif 1.2385 

Fraction 7.7 gs 71.4760 


Fraction 2 had the shazp odo: of acetaldeyde: it was an aqueous solution of this substance: 0.4 g of Fract‘on I 
was added to a of 0.1 g of 2:4 S ml of 10% hydrochloric acid, whea orange 
of the of acetaldehyde (in.p, from alcohol, 162- 163° , not depressed in admixture with 
authentic sample) came down Fraction liconsisted mainly of water, Fraction lilreadily crysallized ost ‘n the 
conderse:: the crysals were travsfe. ted to a flask having a sword-shaped sidz tube and wére distilled, yieléing 7.38 
of caprolactam, m p 64-57° (E83 69" after recrystall ‘zation fom dry ether; the Mterature (5) gives 66-70); 
adm with p.re cap:olactam trere was co depress‘on in melting paint, The resinous resi¢ve (4.3 g) was die 
solved 10 ml of brrzere with 100 ml of dfethyl ether, The product was 2 g of polyvinyicaprolactam 
ix powde: Sy of the benzene solution, a furthe: 1 g of crystalline caprolactam (m.p. as 
avd also a further i ¢ of res*-ous polymer, As has already been shown [4] the later was a mixture of pure polymer 


the form of powde:) acd [> order to characiertze the F Olyvtnylcaprolactam, its specifs viscos’ty” "sp ard 


° The spec‘fic viscos ty sp C g of polymer. 100 ml was 0.2079, The molecular weight, dster:miced 
cryoxopcally ‘nm varied ove: the rarge 3000-5090. 
The ¢xpertmeats on the polymerization of vinylcaptolactam in aqueous solution fn presezce of hydrogen 
perox‘de, and also the teat:nent of the react!on products, were carried out by the procedure descr.bed above. The ratio of 
“com po.ents ard the temperature were varied, tn al) these the time was four hours, the amount of byd-ogen 
peroxide (26%) added was 0.S2 g, ard the amount of vinyicaprolact tam taken was 10-12. 


SUMMARY 


The react:o> of vinylcap-olactam with water if of hydrogen peroxide has been stud'ed, tt has beet 
shows that two prccess occyt: hyd*clys's and polymeztzat‘on W:th tise tn temperature aad reduction {2 dtluton the percent 
‘creases and the percent hydcolys!s diminishes, 
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DEPOLYMERIZATICN OF DICYCLOPENTADIENE BY THE CONTINUOUS METHOD 
N. F. Kononov, Z, Ya. Lapshina, and S, S. Novikov 


In recent years a number of papers devoted to the search for meansofudlking ¢yclopentadiene for the pre- 
pazation of various substances have appeared fn the Ifterature (1-3), ‘In this connection the probiem of developing 
accessible and convenient methods for the preparation of this valuable hyd:ocadon beconies of particular Lm portance, 
It {s well known that up to the present time the main source of cyclopentadiere has been its dimer, which fs fo:med 
as a by-product of the coal+ar industry or by the pycolysis of petroleum products [2} 


In order to prepare cyclopentadicne from its dimer, the latter ts generally de polymerized by heating 
175- 180°, , with simultaneous distillation of the mcromer formed [3] method, tn of ts wise vie, 
number of disadvantayes. Inthe first place. it ls trconventent because of low productivity (cnly 49°00 ¢ of 
moromer fs obtained per hour from ove of reaction verscl space, Furjherm cre, tn the intermittent method of 


preparing cyclopentadiene, part of the dimer, owing tothe effect of prolonged heating, 4s conversed lato more com- 
plex polymers, and the yleld of monomer Is therefore reduced, 


Raur and Frarez [4] determined the constarts for the Cepolymerization process Over the range 
149 - 153° Values of 271, S91, 142, 1177, and 2200 were found for the temperatures 139°, 1€5°, 179°, 186°, and 1¢8° 
respect:vely, The rate of the ut‘tmolecular reaction for the decompos!ion of the fs higher in this temperature 
tange thar. that of the bimolecular reaction, and decomposition proceeds practically to completion. 
The rate corstant for the decomposition reaction t= *he Ligstd phase has been determined by Wasserman for tem- 
peratures in the sarge 79-150°. 


the temperature tange cited above the heat of reaction for the postion has been found to be 12,3 kcal] per mole 
Bl 


On the basis of this information we carried oct experiments with the obiect of developing a continuous method 
of decoinpo:tng the dimer, !t was essential that the following conditions s be fulfied: 1) a minimum period of 


contact of dimer with the heated surface; 2) rapid s:pply of heat to the reaction zone; 3) fsactional condez ation of dimer 
. carried away by the vapor of the cyclopemadiene formed. 


These requirements were satisfted by the zppacatus repeesenied in the figure. The appacatcs consisted of 
glass column 1, be‘ght 700 mm, d!ametcr 30 mm, having a fuling of short sections of glass tebe, duamete: mm, 
average length 5mm, The lower pact of the columa, height S00 mim, was the reactor, and was provized with a spiral 
wirding for heating. The higher part of the column se:ved as a fractionating column with afr coo 


linn 2: 
imer 
entered continuously, from the reservoir 3, though a perforated glass tube into the upper pact of the reactor. The lower 
part of the coluinn communicated with a vessel 2, 


» which served for the dccor:rposition of residues of cimer. Experiment 

showed that with suitable regulation of the supply of di:ne: the decomposition was generally complete in the column. In 
the upper part of the column the separation.of entrained dimer from cyclopentadiene vapor took place, 

. passed further tw a water-cooled condenser 4, 
cooled with ice, 


The vapor then 
4, and the condensed cyclopentadiene collected in the receiver 5S, which was 


. 
When the reaction conditions had been established, the apparatus continued to work for a day or 90, The 


yield of monomer was 99 % of the dimer passed, The productivity of the reactor was 150 g of reaction 
space, 


Formation of higher of cyclopenmtadiene occured to a very dight extent; it nevertheless took 
4 place, and it was therefore necessary to stop the process periodically to free the apparatus fom resins formed? on the walls in 
a thin layer that hindered heat transfer. On the average a stop was made after 300-150 hours of continous operation’ 


7 3 On very rare occasions, when the supply of dimer was tacreased (at 260° the supply was generally 50 - 69 mi 
per hour), it was not fully separated inthe fract columa and was drawn by monuiner vapor ints the 


. 
3 
a 
| 
e 
. 
: 


3 receiver, 


USSR 1559. 


Apparawus: 1—column: 2 —still flasks 


Witsom wells, Chem, ‘Rev. 34, No, 1, 1-106 (1944), 
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= Baur, Frater, Helv. Chem. Acta 24, 1768 =782 (1931); Cherm Abstr, 35, 626t 
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for decomposition was renewed, 


which was indicated by the therrnometer and also by the charge 
the refractive index of the monomer, In such a cas the supply 
of dimer was clininished, and the monomer, coztalning dime: 
tmpurlty was directed into the factionation column, Lom which 
it passed the decomposition zone, When vapor of monomer 
free from dlimer passed from the column, the supply of fresh d!mer 


As an exainple we will give the figures for atypicalex- [im 
periment, whlch lasted for 12 hours, For the decompost'oa 582.6 
of dimer was taken- it had the followlzg constants: b. p 60° at 
14 mm, PY, 1.5125; 0.97% calculated 49 84, found 
MRp 40.56, The decomposition temperature was maintained 
in the range The product was 575.6 ¢ cf moron: 
having the following constants: b.p, 40-12%; 1.4436: 
0.8016; calculated MRp 22.16; found MRp 21.87, Thus the ua- 
dcubted advantages of the continuous method of prepadng moro- - 
mer over the intermittent method have been demonstrated, and 
a sinple apparatus for carzylng out the process has been proposed, . 


In conclusion the aduthors consider it to be thelr 
duty to express thelr thanks to NL Shuikin for valuable advice 
in the couse of the performance of this work, 
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. INVESTIGATION OF THE MECHANISM OF (CYGLIZATION 
THE AID OF DEUTZRIUM cal 


COMMUNICATION I, IZATION OF 2-MET HYL-1,$-HEXADIEN ~3-ONE 


Kursgnov, Z. N. Parnes, I. I. Zaretskaya, and 2. N, Nazarov 


The investigations of Nazarov and coworkers have shown that substiuted ase 


cyclized tn prevence of acids, giving substituted cyclopentenones 11): 


. 


CH, 
In explanation the reactions Nazarov proposed an fonic 2}, acco:ding to which the reaciion 
/ is inter:noleeular and commences with the addition of a hydrogen fon to the molecule of the ketone undergoing 
4 cyclization, This concep catesponds, for example, to Scheme 1, according to which the first stage of the process 
‘ addition of a proton (fn Sche:ne 1, a deuteron) at the terminal carbea of the allyl with formation of 
a:boatum fon (a); this then cycLizes to give the cyclic ton b, which loses a proton with formation of 2,4-dimethyl-2- 
tens (in aheme 1, one), Scheme 1 is as follows: 


8 
CH, + D-> H, CH, | —> 
.CH 
3 
dup 
However, the possibility cannot yet he excluded that cyclization procecds inuamolecular of 
 wansfer of a hydiogen atom 2): 
P 
153 
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we boned we prove the mechanius of this reaction by carrying the cyclization. in presence of deutertum- 
tied act. ln thatcaa, mechanism propo.ed by were correct, then tt foilows froin Scheine 1 
that the obtained would contatn deuterluin, This method of proof, however, ts possible only 


when the original dicaone (1) and the cyelit ketone aze unable, under the conditions of the experiment, toexchange 
the Ut hydrogen atoms for Geuterfum, of when they cachange them = 9 slowly that this exctangecan be taken into account, J 


Ir ts well hacen that, under sultable com4itfons, ketones In ceatact with deuterium oxide are unable to exchange 
bydrogen the @-poutton to the carbonyl grcup for deuterlum These exchange rcactions are generally carried 

Out ta presence of alkaline catalysts, but cases are known also of the acid catalysis of these reactions [4] Our first 
prodlem, therefore, was to investlgaic the tendency of the dimethylcyclopentenone I] to undesgo devterlum exchange 
under the conci:ions unde: which the cyclization of (1) was performed, Our ex- 
periments showed that exchange of hydrogen atoins of the dimethyleycie pemtenone for deuterium proceeds oaly ext-emely 
(Tadie 2). We thea carricd out the cychkzation, undes the same condiztons, of 2- nethyl-1,5-hexadien 3-one 


(ly ln preseace of devrcrlam-tichy phosphorte acta, was found that the obtained 
tained coadderably moze than in tie Prcvious experbnents (Table 2). 


The resaks of these prellninary experiments were in agree:nent with the inter: nolecular tonle mechanism for the 
reaction (for example, that given tn Scheie 1), but not coastitute a cempiete proof, since the possibility had not 
been cacluded that the erlginal Qancthyl xadlea-3-one entered into an exchange reaction considerably move 
readuy than te dimethyleyclopentenmet, thus ¢xpiaining the enhanced Ceuterium content of the cyclic ketore ob- 


tained, 


ln opder to cStaina peoof of the reaction mechaniun was necessary to study for the 
methylhe xadieaone to untergo exchange under the precise conditions of the cyclization reaction, For thls purpose 
it was necessary to Ond seilitioas unter which only part of the methythexadicnone would be converted into the dime th- 
yleyclopentencne, — & e, under which the cyclization reaction would not proceed to completion, The recovered 
“methylhexadiencae and ce dumethyleyelopentenone obtained would have to be examined for thier deuterium contents. 
An excess of deuterium in the cyclic ketone could In this case be explained oxty by its introduction in the process 
of cyclization, and would thus form a convincing proof of the mechanicn of this reaction. From the experimental 


side, however, this method of proof met with conziccrabdle difficulties: thus te boli:ng points of the Fetones (1) and 
Oddifler only by 75° at +0 min, and Lrorder to separate them a 
was regu: 


nly efficient column working at a constant low 
Another difficulty was that of choosing cendtrlons for incomplete cyclization (Table 3). 


a number of experineats, howeve,, these cordizions were found, Incompiete-cyclization experiments 
presence Of Ceuterlum-tich phosphorle acid showed, in the first place, that the methylhexadlesone showed no 
tencency to undergo exchange wader the cyclization conditions: the density emcess of the water from 
the combustion of tn Experk:nent was and Ta Experiment 10 it was By tm... 
the second place, tt was found that the dime thyleyclopentenone in the course of Incomplete cyclizat‘or was. 


appreeladly ensiched in ductertum, Exjerline at 10, for example, the combustion war of the dtmethylc yc lopentezone 
had deasky excess of 


The rerults etted above show that the cyclization reaction ls accompanied by introduction ‘of deaterties f-om the 
phosphoric acid into the cyclic ketone formed, thus confirming the reaction mechanism proposed by Saza°o 


The enrichment in ceuterlum of the cyclic ketone was. however, less than that to be expected on the basis *. the 
Lsotopic composition of the hydrogen of the phospheric ac!d, 


A probable explanation of this ts that the dissoctaiion constant of light phosphoric acid {ts higher than that : of 
heavy phosphoric acid and, at the same time, the rate of the addition of a proten is higher than that of a deuteron, 
Another possible exnlanation ts thatthe intermolecular mechanism of cyclization 1s to some extent accompan‘ed 
the inuamolecular mechanism (Scheme 2), In order to solve this question we carricd out the cyclization ef 2-methyl- 

“1, S-hexadica-2-one in presence of practically pure phosphoric acid<y, The cyclic ‘ketone obtained urde> these cow 
aitions cotresponced very clomly in lis Lotople compos!:ton to monode uterlodimethylcyclopentenore, Le.iiths 
cas practically exactly one atom of dcuterluin entered into the molecule of the cyclopentenone, It was thes peek 


thar the tnvermotecular cyclization mechanlsun wis the only one pussible, and Nazarov’ of an ty 
termolecular mechanism for uils teactlon was thus confirmed, 


It ls to obtain more detaficd information about the me echantsm of this reaction by the 
posltion of the in the cyclic ketone, 


| 


~ . | 
| 


- EXPERIMENTAL 
Inves fcation of Hydrocen ‘2 D! Dimethyleyclope menone 


was pespared by the cyclization of 2-me: and the corres- 
ponding methoxy ketones in presence of phoshoric acid, and aher disilssioa Uyough a column had the following | 


‘constants: b,  77.0 -771.5°/ 37mm and 1-670. In the study of tre cevierlum exchange, the dimethyicyclopenien 


was introdiiced into a tworecked Mack together with an equal weight of phosphoric acid (sp. gr, 1.15 ensiched in 
deutertum, At the end of the the reaction mixture was pouted {nto an aqicous solution of sodium bi- 
carbonate, eatacted with etr, died with magnesium sulfate, and ftom a smal) Fovorsky The main 
fraction had b.p. 46.0 -42.0/ 10 and (1.4673, The conditions and results of the experiments we given in 


Tadie 1. 


Exchange ( % of 
caled vaice) 


Calcd. density 
excess for exe 
change of 2H (y) 


ecuiv, den-— 
excess of phos- 
phoric acid 


Density excess 
found (y) 


. 


From these experiments ht will be xen that exchange between and beevy phosphoric 
proceeds only very dowly. Unccr the coatiztons of Experiment 3 practically no exchange occuned, 


Cyclization of he xad'en-tore in Presence of Heavy Phoshorte td. 


The usd an the experiment had b.p. 36-S7° /21 mm and 1.4760, The cycl- 
ization was in of an eqcal weight of phosphoric 2cid (sp. gr. 1.75) having an density 
excess of <0 y. The results of the experiment ace given in Table 2 


TASLE 2 Ir will be seen that the prot- 
uct in this periment fs highty enriched 
- ta In wiih those 
of Exzcriments 1-3. 


Denslty excess 
found { y) 


Time | Catcd denshty 
excess (y) for the 
=} chance of 


Fractionation throuch a Column of 


2 Mixure of hexadien 


“gad Dimethvic vleyclope nt enone 

In the pre parat'on of 2anethyl-1,5- 
bexadien-3-one from the ng 
eompounds by removal of methanol 
(beating with acid partial cyclization tnto dimethylcyclopentenene occurs. Similu phenomena have 
been observed previously by Nazarov and coworkers in other cases (5); For fractionation through a column we: ‘took the 
mixture of ketones obzained by splitzing methanol from the methoxy compounds conesponding to 2ancthyl-1, Stexs- 
dien -3-one in presence of p-tolucnmifonte acid, We used a column made up of single turns of glass spirals having an. 
eificsency a urdinasy pressure of 25 theoretical plates and provided with a manostat, The fractionation curves clearly 
showed that ft was possible w separate tics: ketones with the ald of this coluinn, The anpount of the ketone mixture 
taken fas fractiongtion was 60 g and the following fractions were obtained 


Fraction 1, head fraction collected to 71.5°/ 39mm; 1.4690, weight 8.5 
Fraction il, b.p, 71.5°/ 39 mm; ND 228 1. $750, weight 18.2 
Fraction UL interinediate, 1.4690; weight 
Fraction [V, b.p. 79.4° at 39 min; 1.4679; weight 6.7¢ 
Fraction V, bp, 79,5-87,1° weight 
Residue, 14.0. 


. 

19 20 23500 3585 650 16 
3 20 1020 31 3 

= 


TAPLE 3 The iractonation curve ts 
De termination of the Conditions for the Incomplete Cyclization of 2-Methyl-1.5- given in Fig... 
heyatien 


Fractcon tl 
(Q-me thyl-1,5-he * 
Cyclization did pot go was through 
same. column, _ The 
_|Cyclization did rot go P. 


Results of expenmenss 


acia 


1.793 O21 [Cyclization went to the extent of 50% 
(judging only from the refractive indexy * 


was also redistilied Cuough the column, The main fraction, had p. 0-72. at 37 mm: 1.4670; 
0.9367. 


Incomplete Cyclization of 2-Methy!-1, 


S-hexadien In Presence of H-avy Pho:phorie Ac'd 


Experiment To stirred Qanethyl-L S-hexadien-3-ore (22.4 g) contained in a three-necked flask, 
phosphoric acid (21,3 s: sp.g?. 1.794) having an equivalent density excess of 8639 y was added carefully; 
the Mask was cooled with ice water, and the 1emperature did not exceed 7, When accivon of phosphoric 
acid was complete, the flask was placed in a thermostatic watcr bozh, and the teinperzature in the flask was 
maintained within the range 20-21° for 1 hour 45 minutes, At thé esd of this period the reaction mixtwe was 
powed into a bicarborace solution, ard was then extracted with ether and dried with magresi:m sulfate, 
Afser being distilied in order to remove resin, the mbcure of reaction products was Eactonated through & 


column. The amount for distilation trough the columa was 13.7 and the following f-actions were 
obtained: 


Fracticn b.p. 62.5-67.2° az 35 mm; 13¢ 
Fractica b.p. 71.2-67.5° at 35 mm; 4.2 


‘Fraction I was pure Sone, ch 4730, It was rot found powble to dist'l] the 
residue through the column. It was transfered small flask and The 
had an exter.ded boiling range, 72-60°/ 35 mm; 1.4705, and was evidently a mixire of 2 methyl 1,5- 


bexadien-3<7re and direthyleyclopevenone, in which, according to the tréex, of dirrethyl- 
eyclopentanone was present, 


Tae 2-methy!- was burnt, and the combust‘on water was pur‘fied by the method 
adomed our laboratory [6]. The density excess of the combustion water wasfardtobe ls y. The 
calculated density excess for an exchange of 2H was 1040 y. The mixture of heiores (3.a 73-60°/35 mm} 
was also burnt, and the resulting water had a density excess of 112 y. By taking Into considetation the 
compoxtiens of the ketone mixture and also the sact that the Sore 
was Only stigttly enriches tn Ceutez‘um, an approximate calculation of the density excess of the combustica 
water from the dimethylcyclopentenone present could be made; the value fouad was 215 Y- - 


Experiment 10. In this experiment 40,85 g of 2-nethyl-1,5-he xadien-3-ore and 37.90 of phosphoric a: cid 
having a density excess of 8635 y were taken. Addition of phosphoric acid was ca:ried oat as in the p:ecec:rg ea-" 
periment, In the course of the experiment the temperature varied from 18° to 22.5°, and the expe-timent lasted fo- 
2 hours 25 minutes, The reaction mixture wag then treated as in the preceding Tht residue afe. 
moval of ether was vacuum-distilled. it came over completely between 42° and 68 S*arSmm. The disttiave vis - 
distilled a cojuma, and after the head fracuon 15.2 g of (D, b.p 69, 10°/36 
mro and 1.4737 was obtained. After a small intermediate fraction (0.8 g), 3.5 g of 2 2.4-dimethyl 2 cys icpestat~ 
l-one (1) D dp 1£,2-76.8°/3 {3736 mm and was obtained, 

easily excess of the combustion water from 2-methyl-1, Gone was 32 y. Far 

exchange of 2H, the density excess should have been 1110 y- The density excess of the comb.stion water i * 
from cimethylcyclopenterone was 190 y. 


Cyclization of 2-Methvi-3 5-hexadlen- 3-one in Presence of Phos horie Acid-d 


Exneriment 13, Phosphoric acid-dy (sp. g’. 1. 16; equivalent density excess 91,000 y) was added gad. aliy 


to 4,02 g of Sone. The reaction mixture reainined at 2021° for 3 30 


: 
1.738. 223 
8 
| 
106 3 : 


wag tested asic the preced-g expeiments “The obratned was distilled off from rein 
and distilled from a Favorsky flask p 46°/9 mir it may be corsidcred from the constants 


1.4679). : 
D 
that the cyclization react.on wert to completion, The dens'ty excess of the combustica wate: from the ketore | 
was 8290 y. The value calculated fo: the excharye of ore hydrogen atom was 7765 Foon: 


SUMMARY 


L. it has been shown that 2,4 d‘methyl ard 2: do rot - 
undergo appteclable protium deute-tum whe-. placed ‘n contact with heavy phosphoric ac'd for two 


bours at 20°, 


2. it has been shown that fn 


a the 07 Of 2 methyl-1.5 Bone in presence of heavy 
acid (sp gf. 1,79) at 20° the durethyleyclopestenone ‘s ably tn deuterium, 


3, It has been shows that the cycl‘zat‘on of 2 


-methyl-1, e7-3-0ne in 
acidd, a monodcute-'od methyic y:lopentenore ‘s 


in piesence of pure 
obta sed, 


4. follows the expe tinertal tesults obtained 2} 


hat the cyclization of 2-methyl 5 henad! ‘en 
fs accompanied by the Invody-t.07 of one Cevtestum ‘eto the molecule formed 
and this constivutes a oof that the cyclizat‘or ‘eas Von has 42 tonic mecharism, as proposed by 
Nazarov. 
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mercury salts prepared from the sulfides PS, and P4S,,were Identical, and a mixed tes showed no depression, ln the 


o-. 
_ Untonates are readily oxidized in an alkaline solution of lodine with formation of the conespomding disulfides: 


ORGANOPHOSPHORUS COMPOUNDS: 
oO, -DIALKYL HYDROGEN PHOSPHOROTHIOLOTHIONATES 


I. T. A. Mastryukova 


tn an investigation of the reaction of tet-apnosphorus heptasulfide with alcohols, we found fl} that 
one of the products was an O,Odialkyl hydrogen which we obtained as a 
coiorless liquid that could be distilled uader reduced pressure. This group of substances has aleady heea know: 
fo: about a centuty, They were fsa obtained in 1857 by Cartus (Dj by the rcaction of alcohols wih plosphorus 
“pentssulfide", but Carius proposed an trcortect equation for thisteaction, Later, Pishchiuruka [3) verified 
the work of Cartus and found that practically the only orgasophospliorus compounds formed in this reaction are - 
the 0,0dialkyl hydrogen phesphorothiolothionates; Pulchiinuks also gave the correct equation for this zezction 
[4]. In 1945 Mastin ard coworkers [5) confisrmed that the strucwre of these phosphorothiclothtonares was in 


accord with the formula Finally, O en phosphorothiolothionates and thet: salts 
have been described in numerous pajents, 


All the workers who have previously prepared O, Odtatkyl phosphorothiolothionates have described 
therm as undisttllable sbups, have not analyzed chem, and have chasacterized them only in the form of thelr saizs 
Our preparation of these phosphorothiolothionstes in the form of colorless Uquids that could be vacuum<dtisulled 


caused us to doubt the igeruty of the dialkyl hydrogen phospho:odithicates obtained from tke phosphorus tulfides 


PS; ard PSyy We repeated the reaction of the cecasulfize PyS.g with atcolols and found, in complete agreement 


with the results of Pishchimuka, that the main products were O,Odlalkyl hydrogen phosphorothloiotuonates, 
Again, however, colorless liqulds that could be vac uum-distilled were cbiained, and thetr description on maay 
Occas’ons as strups mus be cowteed to be a 


We, therefcze, have obtained these 
substances in the pure form for the first time, We give a table showing the pronenies of O,OWLalxyl et st 
obtained from’ the phosphorus sulfices PS; ind (Table 1). 


TABLE 1 it ; There is complete . 
: agreement between the 
eonitants of the 0,0- 
dlaixyl hydrogen phosphoro- 


Formula 


thiolothionat:s obtained fiom 
(CH,©),PSSH . 1.2238 13.2 
the two sulfides and 
PuSig The dibutyl compound 
PSSH. . 1.1650 15.4 
(2Cyl), PSSH pe 75.0 was the only one of the esters 
; that was not successfwlly - 
(2 CsH,O),PSSH 1.1640 fully 
_- Waevum-distLled, and 
CSPI: 3.0988 60.0 this was therefore isolated as 
PSSH. . 1.0913 25.4 


its mercury salt, m.p. 60-61°, 


The melting points of the 


same way the argle and mixed melitirg points were identical) for salts prepared from the 
distilable phosphorothiolothionates obtained from P,S, and (Table 2), 


O,O-Dialkyl hydrogen pho:phorothiolothionate sare colorless highly re fractive liquids, wsnelling of hydrogen 
sulfide; they are soluble in u-gantc solvents and in alkalis, and the lowcr members are soluble in water, They may 
be tivated as strong monobasic acids in aqueous and alcholic medium, Q.O-Dialkyl hydrogen phosphorothio! 


We pepaed dtsulfides having R = City, and They are water-Inwluble crystalline substances, 


| | 


(69,0 g). The solid resis 


TABLE 


TABLES = 


Forinula | Equivalent 
Fouad 


Feruia 


Data inthe 
iiterature 


froir_P 


(CHyOQPSSH 161.2 | 158 
(CHO, 924-105 |: 123° . .]183.8,.189.0 | 
PSSM. 139-131 PSSH,. .]216.7; 217.5 | 214 
gh is. 60-61 | 61-62° 5) 


EXPERIMENTAL 
Reaction of the Decaswifide with Alcohols 


The anhytous alcohol was Introduced Into a round-bottomed fiatk having a two-way adapter connected to 
arefux condenser protected with a calcium chloride tube, and the phosphorus sulfid: was added in srrall port‘o-s, 
The lower aloohols reacted vigorously, dut heatlng was requited for the reaction of butyl alcoho] with the 
decasulfide PySyy The mixture was heated in a water bath until evolution of hydrogen sulfide ceased (fo: batyl 
alcohol this required 768 hours’ heating), The reaction mixture was then filtered, if necessary, ard fractionated 


nethyi Hydrocen Pho: phoro:hiolothionate, The subsiandes taken were PySyy (33.3 g) ard methyl 


alcohol (24.0 g). The whole of the pho:ph crus sulfide teacted, practically without residue, The fractions. 
obtained at <5 mm wese: 


Fraction L dp. 4132°; 3.5¢ 
Fraction UL b.p. €3-71°; S.1g 

For Fraction U: nf 1.8343; 12888; ogy 38.87; found MRy 38.13; calculated 38.34. 

Found %: P 19.51, 19.60; Parachor 306.1 

Calculaied P 19.62; Parachor 303.0 


Nickel Bi:(O Od!methy! Phosphorothiolorntonare (CHO, PSSENL Nickel chloride (1.29 g) was added t3 
neutralized solution of O,O<imecthyl hydrogen (3,16 g), and the dark colored 
was evaporated to cryness, The mickel salt was separated froin sodium chloride by recrystalltzation from be-zere, 


and 3.5 g of niche} was obtained in the forn of leaves cha 
bright color, m.p, 124-125" (lieratere gives 123° [6). 


O,O-Diethyl The substances then were (50.8 g) and ethyl aiconol 


4 after the reaction weighed 3.2 g, and 65,1 g (76.5%) was obtained of a substarce of 
b.p, 81.5-82.575 min; 1.5096, -1.1653; og, 31.7; found MRp 47,54; calculated 47,58, 
Found: Parachor 378.7 
Calculated: Parachor 379, & 


“The constants of the saine substance, obtained from had b. P. at 12 mm; 1.5105; 


1.1650; ogy 31.7. 


Lead O-dtethy1Ph This was as previously arse bed 


(iL: M.p. 75-76° (from alcohel), Mixed test with lead salt obtained tom P,S, and to (5) . 
gave the result: 7516" 


0,0-D! propyl Hydro; gen The substances taken were Psu (11,1 ard pcpyl 
alcohol (12 gj). There was no residue, and 16.1 g (75.0%) was obtained of a substance of b.p, €2.5°/2 mm 


nf 1. 4566, The constants of the thio ester obtained bom were Pp. 8&5 86°/3 mm snd 
ap i. $981, 


{ira at atmospheric pressure and at 39-49 mm to remove the alcohol, aftér which the reaction product was vacuwm~ 


| 


solution fn the form of anofl, I: was extacied with cthe 


? 


fivd- ‘ogen This was prepared from 5.6 ¢ of ard 6g of 
isopropyl aicohot, There was no “esidue, and 6.4 g (00%) of the opy! hydrogen 
b.p. 71-72* at 3mm ard 1.4918, was obtained. The constants of the thio ester obtained 
from P,S were b.p. 70,.5-71.5° at 3mm, 1.4920 


Lead Phosphoroth'olcthtonate) hyd: ogen 


phosphororhlolothionate (4.28 g) was neutralized with caustic soda (phesoiphthaleln), and the solution 
was nixed with lead acctate (3.79 g). White curds (7.4 were obtained. Two czystallizations froin aicohol 
yielded 5.1 g of th 


the lead salt the form of Lire silky -whitse needles, m.p. 130-131°, The melting point’ 


of the lead salt obtained tn the saine way froin PLS; [1] was 120-131°, ard a mixed test gave ro depression, 


Found %: $24.95; 25,17 
Calculated $: $25.00 


Mercury B'YO.Od butyl The substances takec we.e (11.1 ¢) and butyl 
alcohol (14.8 thes wasno. me The dsth colored reaction mixture was neutzaliced with 1(% causile 
soda, the smal! amount of of] that separated as 3 layer was removed, and the aqueous layer was wasted with 
ether, Mercuric chicride (12 g) was then added, and the mercury calt was jeeciptiated fom the acaccas 


After: evaporation of the ether, 25 g of salt, m.p. 5668°, was ottaned. 


The melting port after recrysatiization 
f-om methyl alcohoi was 60-61°. The melti-g pot 


“ts of the stire prepared from PS, [1} and according to 


Masta [5] were G0 61° and 61-42° respectively, Mixed tests showed no cepression s+. 


Titration. of O,0-Dialkyl Hvdrocen 


All of the ceadsly soluble in.a scffictently large amount of titration alkall, 
the excess of which could be exactly back- trated, The following Utation resutts were obtained (Tadie 3). 


Oxidation of the O,O-Dialky! Hydrogen Phosphovrothiolothionates with lodine 


H, | 
The disulfide was obtained as follows: O,Odimechy! hydrogen phosphcro- - 


thiolothtonate (4.8 g) was dissolved in ar equivalent amount of aquecus caustic soda, A solution of todine (3. 8 ¢) 
in aqueous Potassium fod ce was:adced. The yeliow!s 


m.p. i849.5°), and was then recrystall'zed fom hexane, yielding 3.5 g (74.5%) of the disulfue, m.p, 51-52°, a 
substance that Is soluble !n organ'c solve-3s, bet insoluble in water. 


Fourd %: C 15.50; 15,32; H 3,61; 3.56; P 19.57; 19.59, $ 40.20; 40,26 


20,?,S, Calculated - C 15.29; H3.82; P1974; 40,76 
The disulfide 


was prepared similarly to. the previous one froin 9.3 g of O,O+ . 


uydsogen ard 6.39 g of todine, came dowr as 2n oll and was extracted vith. 
ether; the ether solut'on was dried over sodium sulfite, and the ether was evaporated off. The residue crystallized © 


out when cooled with dry fce. The crystals were {tered off and washed well with he xane, The Apes 43¢ 
(48%) cf cub‘e crystals, was readtiy soluble tn orgaric solvents ard insoluble in water. 


Found P 16,84; 16 89 
Calculated: P16.16 


The disulfide 


Dorey 
O,O-<dtisopropyl hyd:ogen phospho: oth: olothionate. and § g of fodine in seutral aqueous solution came down 
as a colorless cusdy finely crystalline precipttate, The yield of crude product was 8.3.9 (57.45); yleld after 
recrystall'zation ethyl alcohol 7,05 (82.75%). m.p. 91-92%, rot after a second 


was prepared sumilarly to the previous ore 8.5 of 


Solubie solvents. 


rr, and the ether extract was dried over calcium chloride, 


sh precipitate that formed was futered off and dried (4.5 g, 


| 
— 


Found %: C 33,84; 33,74; H 6,53; 6,96; P 14.54; 14.45; $295.87 20,04 

Calculaied C 35.80; H6S7 $:39,05 

Found 434.9 (cryoscopically in benzene) 
1. For the first ume ©, Oxialkyl hydrogen phosphorothtolothtonates have been sional in ue pure state in 
the form of Mquids that may be Some of their propestics have been love sigated, 


2. has been shown that the diaikyl hydrogen fonned we the reaction with 
the two phosphorus sulfites PySy and are identical, 


3. has been shown that, when O, en phosphorothtolothtonates are oxidized with 


Ctulfites are forned. 
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more coinplicated coinpounds was now piesent, 


CRYSTALLINE ORGANOLITHIUM COMPOUNDS. 
COMPOUNDS OF THE AROMATIC SERIES 


T. V. Talalacva and K. A, Kocheshkov — 


Although ¢romatle organolithtum compounds have deen frequently described in slution (mainly ethereal 
and contain'ng also appreciable armounts of Mihtum halides, dtaryls, divided ifthium, ete.), there fs only 
one example in the Uterature of the Lolation of a crystalline aromatic organolithium compound [1}, namely 
phenyl uhtum: 


‘Improved and more general methods of prepaiing pute erystalline compounds are , however, of conziJerable 


imtecest, For out a rumbc: of for example phystcochemical, investigations relating 
complex formation, we required pure Crystallire compounds, or pure wiutions prepared from thes, 


The method t-d‘cated tn Equat: 97 1 suffered from two Inherent defects: 1) in the metathetic 
reaction dcthylmere sty ts forined, awd toxicity ts well known, 2) the preparation of pure ethyl- 
fs based the ceactlon betweea and lithium, As we had succesfully solved the 
problem of preparing pure crystalline ethylltth‘um was recezsary to sdive also the problem of the 
in these metathesic reactions of o: co:npounds by other organometallic (or “organo 
elemental") compounds 


The p-evtously dex metsthetc between organoelemcatal compounds and alkyllithiums 
were cot catied Out with the objec: of tolatrg crystalline organolithium compou'ds (the presence of thes was 


proved by the formation of carboxyl'c ac ‘ds by cabonation of thei: solutions, the authors’ predblem belng the 


inves ‘gation of the relative of the bo-ds between tie radicals and the various elements, However, 
as we have shown [2]. these metathetic reactions cat be widely and successfully appited for the preparation 
of crysta)line orgarel'thiuin compounds, In this respect different orgsnocleaie compounds are not ail of 
equal value. thus the reactions of RLt with aomatic broino compounds have the Lnportant defect that the . 
secondary cocdersation reaction generally occurs: 


leading to fo*matior of Iithtuin hale, whoie solubility in oigan'c solvents close to that of aryllcium 
fo-med, 


In out monog-aph [4], and also tn a paper p_dlished in 1951 [2], we emphastzed both the undesirability 
of heating, which accelerates the condensition reaction, and also the necessity for tes ing for the presence of 
Yalide tons tn the pre of arylluhium compounds obtaleed by this method, Mukhallov and Che mova. 
is thetr move L-vestigations, while apply!ng our methods for the tsolation of arylltth'um compounds ta 
the bromoa’ene portion, made reference to Out and alse, unfortunately, not follow ow 
conce:ning the shove-mnentioned defects of this seac ion, 


By applying heatlag (or by permitting "rapid spontaneous temperature in prepacation of 
comple xcs), they created corditions favoiable for the condensation reaction and the formation of lithium 
browaide, Moreover, the des of the cosnpounds (which they evidertly did pat Lsolate, but etther 
used for reaction or decomposed for anslys's, direcuy in the filtration apparatus) there are no indications even of 
A cual‘tative test for hal‘de ton, This remark sclates particula:ly to the direct reaction between brumobenzece 
ard The presence of lithtum halide Lnpurlty, however, could have greauy affected thels results 
relating to aryllithtums and etherates (or other complexes), since the of the formation of 


For exainple, the well formed etydals that separate from concentrated ethereal solutions of phenyl- 
(prepared fon beamoberzear and Lith'um), asalyzed only for lithtum (titration with acid), might 


4 ; 
 &§ : 
: 


be taken for the menoet’ crate or dietherate of phenyllithium, Actually, ternary complexes centahiing [6] 
come down®, aad thelr iithtuim contents (by titration with acid) happen to be near to those requized-by the 
formulas O and Mikhallov and Chernova [7] by omitting to detect the 
presence of Mhluin bromide in the analysis, came to an incorrect conclusion ccncerning the formula of their 
etherate. Incidentally, the authors pass over Ja silence the fact that the complex nature of uncolored — 
compounds was flrs pulnied out by us 


“with regard to the complex natue of colored organolithium compounds, in spite of Mikhatlov and 
Chemova's aswrtion (7] that the study of the colored and electrically conducting organ!c compounds of the 
‘alkali metals bad led them to the "discovery" of the complex nature of subsiances of this type, we may 
remark that this fact was already known 25 years ago, In 1926 the compiex of triphenylmethyllithium with 
two molecules of ether (giving good analysis) was Jsolated [8]; tre arnine Ni; fs also known [9] 
We cansot believe that Mikhailov and Chernova were not acqualiied with the have orlginal Literature oa 
organolithium compounds, in describing the long known synzhesis of the of 
lithium they made no reference to the original source, 


We considered that a more expedient route to pure crystalline aryiltchtum compounds (not containing — 
unavoldabie halide Lnpuruies) was by the well known metathetle “mew! metal® reaction (3,4) As compounds 


of lead (owing to thelr toxic Lty) or tin (owing to the slugaishness of the reactlon) were Inconvenient, we 
tO use compounds 


Fer aatin sony (and corespondingly for bismuth) the reaction is expressed by the equation: 


and the ation of ArLt ts based on the fact that the orlginal aromatic compound ArsSd (or ArsB!) fs solud}s 
benzene and the ethyllithhum thar reacts with it Ls also sojuble in benzene, whereas of the two products obtained 
only the ican is precipitared from solution so that ft can Le isolated Ina pure state, The reaction goes 


under mild conditions Gemperatrs. rot above 30~0'), relatively slowly, and with a charactertistic,often long, 
induction period, 


By this method the follow!ng crystalline organolithium compounds of the aromatic series were prepared 
(fom crzanoantureny compounds): ptolyUihium (yield 72-82%), otoiylithim (62%), m-tolylUith!um (48%), 
ma (icp), (quanthative), (45.8%), 


45.4%). ts to note that it was found posible to any phenyllithium when triphenyl- 


The metathetle reaction with haloarenes (lodo- and broinoy: 


ArX GH, Li ——> 


ts much more rapid (from several seconds to several houss, de pending on the radical), even at room te:nperature, 
The reaction, unlike those wih Ar,S5, begins immediately. ln all cas analyds waz made pot oaly for I'thtum 
content, but also for the presence of hai!de fons, lt should be noied that the organolithium compounds obtained 


always contained some lithium halite im purity. and the amount of this could be fairly considerable when heat 
was used of the reaction was prolonged, ‘ 


By this reacting the following compounds were obtained from todo coinpounds: (53.6%), 
metolylithtum (30%), phenyliithium (52.1%). ‘The following were obtained from bromo compounds; 
_ Ptolyllithium (66.0%), phenyllithium (78%), p-bromophenyll:thium (76.1%), p-chlorop!.eny (88.8%), 
4-diphenylylli:hium (44.4%), The aromatic organolithium compounds obtained were indusible 
substances (tests were-made in a capillary filled with nivogen), reatily soluble in absolute ether, and insoluble 
in benzene, hexane, and petroleum ether, Ln the alr p-bromophenyllithium and o+olyllithium Ignited (yellow 


flame): phenyllithhun charred and sooldcred., Au the reacted with waier a and 


Large crystals of pch} and on ‘the when 
‘in the als, but they continued wo give the qualliauve teactlon for ArLi with Michler‘s ketone, The compounds 


They are si:nfiar, to a certain exient, to the complexes, e.g LBs: 


| 


- side tubes of the vessels (wider 


120° ard cooled while a cuvtert 


? 


ob:ained gave the usial reactions of organolithium compounds (see, for example the reacticn of pheny?iathium with 
benzophenone and with stannic chloride, also the color a: 
EXPERIMENTAL 
Owing to the sensitivity of organolithium ecmpounds to the gnolsuse. carbon dtoxtde, and o> ygen in the air, 
the work with them was carried out in an atmosphere of pure dry niuogen, We used nitrogen from cylinders (oxygen 
content not higher than 0.2%). and purified it by passing it through two furnaces, each 1 meter long, containing 


coppe: turnings at 450°, and three colwmas of the same length contataing 3 solid caustle potash, calciuin ee 
and phosphoric oxide on glass wool tespectively 


The reactions were carried 
joints (Figoes 1 and 2). The upper . 
openings of the vessels (narrow 
joint A) served for the add!:ton 
of the solutions and. the stisting 
of the precipitate; also, whea 
Teccssaty, a reflux cocdenser 
was attached at this joint, The. 


joirs 3) se-ved for the 
tion of the filtration apparatus 
(Figure 3), and also, sometimes, 
of adropping funcel. The 

jetnts were lubdzicated with 
s‘ltcone grease, Before use, the 
apparatus was carefully dried at 


of r'trogen was passt'g. The 
three-way tap at the side o| the : 
apparatus (C, Figures 1 and 2) 
permitted conrection to the 
steam of ritogen, waich termin- 

ted a system con- 
s'st‘-g of V-shaped tubes con- 
ta‘r'-g phosphor‘c ox‘de on glass 
wool, caic!um chloride, and 
sulfuric acid. The Jast tube 
sezved for the cortzol of the 
tate at wh‘ch the nitrogen left. 
If recessary, 6-8 pieces of ap- 
pacatus could be connected in 
series though the tapC They 
were connected by ineans of 
thick-walled, clastic, re’ rubber 
tubing a connection sys- 
tem pe:mitted the apparatus to 
be maintatned under a small 
pressure of nitrogen, even when 
the caps at A and B (Figures 1 
ard 2) wese removed for a short 


always protected by a st:eam of Fig. Mig. 4 : 
_* 
115 


i= , 
| If 
a 


The apparatus represented tn Fig I was used for filtration, Wher the substance Dad Deen completely 
traasicr-s¢ to the filter, the first apparatus was disconnected and the upyer ojening of uw. fliation apparatcs - 
was closed witha stopper, The residue on the filter was washed thr=e or four times with pertane and the receiver faz 
the filtrate £ was disconnected, the 1 lower end of the apparatus being connected to the drying system (see above). 
The apparatus was turned on its side (side tube upwards), and the precipitate was distributed over the whole length 
of the apparatus by tapping. The precipitate was dried in the nitrogea stream enul it could be readily poured out. 
‘is sot recommended that the mecipitate be dried on the fiiter by passing nitrogen through it, The dry substance 


was sealed in tubes, which were connected to the side tubs. The tubes were filled with nitrogea 
wise charag and m ight occur). 


The of cthyliizhium In benzene was out in the 4). Very often, 

Particularly Wen large amounts (3-4 g) of cthy]lithtumy were taken, turbid solutions were obtained; they 

were tn the apparatus H through amordinary folded paper previoucly dried over phosphoric ox- 

ide, The dtrecuioa of the nitrogen stream fs Indicated by arrows In all the diagrams. Vesscls of various 
dimeniicas were taken; the reaction vessels (Figures 1 and 2) had volumes from 15 to $00 mi, and the 


volume of the fil:ration apparatus varicd cotrespondingly (Figwes 3 and 4). Au one solvents must be pure - 
and dry (thiophene-fee benzene). 


Preparation of p-Tolyllithium 


a) From 


viantimony(11} In 2a apparatus with a magretic stimer (Fig. 2) 82 wl of 

a-solution of ethylii:hicm (1.6 ¢ Le. 0.042 m. ole) in benzece was placed, and 10 m! of a hot (35~40°) 
benzene sciution of ui ptolylantimony (29 ¢ Le. ¢.01 mole) was added, There wa. no noticeable reaction, 

* The mixture was stied for six hour at 18-£9°, and then for 14 hours at 20-GS*, At the end of this period a 
sharp increax in the turbidity of the solution was to be observed, and after S-10 minutes the solution became | 
quite Opaque Owing w the presenceof a fine white mrectpitate of ptolyllithium, Siting was continued at 
36-25° for a firther <0 hours. The filtration zpparatus (Fig. 3) was thea attached in a stream of ritogen to 
the cde tude; nitrogen was passed for five minutes, an@ filration was thea under a pressce of. 
nitrogen, The very fine white precipitate was very readily transferred te the filtez; it was washed on the 


firer with pectane (four portions of 15 ml,\, dried in a stream of nitrogen at 35~0 
The yield was 72-€2% 


Out iz th apparatus showa in 
obtained, 


O° for one hour, and scaled 
m, calculated on the ti-ptolylantimeony taken, The reaction may be carried 
in Fig. 1, without stirring, The yicld is of the same order, but larger crystals are 


Found %: Li 7.26 ; 7,28 
Caleulated%: Li 7.08 


: Wine ptoly'lithiam ctysals are poured out the al, dine do not ‘Ignhte spontancoudy; on comirg 

contact with warer or alcohol, they decompose with a stong hissing anole accompanied by charri-g acd 

sometires by a yellow burst of Mame. P-Tolyllithium fs infusibie, and Is readQy soluble in ether, but poorly 
soludle in benzene and bexane; it gives the usual color reaction with Michler’s ketone, When this test is 
dene with ptolylitsh!um in benzene solution, ft 1s necessary to heat the mixture to the botl (ow!ng to the 
_, oor of the lithium compound tn ben zene), 
In the apparatus shown tn Fig. 1,15 ml ofa benzene soivution; of ethyt- 
lithium Le. 0.019 mole) was placed, and a solution of 2.4 ¢ (0.005 mole) of ptolylbismuth 
in $m] of benzene was acded, When ihe solutions were mixed, a very slight yellowing was observed, The Sian Si 
reaction mixture was set aside st room temperature, and after sbout a month the formation df {solated large 
cléaz cry tals was to be observed on the sides of the vessel; the quantity of these gradually increased They : 


weré then Mitered off from the soluticn washed twice with pentane 00 ml sach dried, and sealed in 
tubes. The yellowlih obtained weighed 0,965 g (66. 1%). 


Found 117,097.03 
Calculated $: 117.08 


From pBromotoluene.  p- Bromotoluene. “Le. 0. 01 mote) diusives in 5 m] of benzene was 
wt 6 m ole) of ethyllithium fn 15 inl of benzene, No changes occurred when the solutions were 
mixed. Afer one day, characteristle Large crystals of together with a wnall amount of f'ne pre~ 


cipitate, The usual ueatwent ylelded 0.65 (66 of p- containing 1 b om:de 
as inpaky: 


— 


Preparation of o 


A) From ‘froin 15 ml of a benzene solution of um (9.692 0.019 mete) ar, 
1.97 g (0. 005 mote): ofcie to ylantuimony tr ]0 mi of benzene, peated under the usual conditions (sce above}. 4 fine 


pres ipttate of Otol (0.9 g. was after the mixture had been allowed to stand at room temperature 
foe two weeks, 


Found $: Li 6.95: 6.87 


b) froin 0 36 C1 mote) of ethylitzhium £515 m1 of benzene .17 g (0.¢% 


of 19 xa of bewere, a very fire volwntnous white pecipitace was cbtatned cafer mixing there was 


& slight tm term peratoce), Alter standing for 39 minutes, the precipitate was filtered off (it fiitered very 
and wes washed as with peatare acd diied., A test for halide was obtaircd, The yield of a<olyliithiz 
was 0. 62 (53. 


Found %: Li 7.373 7.12 . 
Calculated Li 7,08 


Preperation of m- Tolyilithtem 


_2)_ Frown Die. benzene solution (15 ml) contalring 0.69 (0.019 mole) of ethyilithtum and 
1.97 ¢ (C. 605 mo! ¢) mony tn 1S ml of benzene were taken The soitition was set aside fo: two weess 
at ream temperamre and after the usual weatment it ylelded 0.7 g (45%) of the ferm of a finely 
ctystaliine white Found %: Li 6.92; 6.81 


: Calculated %: Li 7.08 


b) From, modes? scene, Tre sudssnces taken were {0.26 Le, 0.61 moie) in 17 herzere and 
ra-lodcto've re 2 3 ryrs 9.03 moie) in 10 inl of benzene, Mixing was accompanied by sight turdidity. and how 
mixture, after for two yielded 6. 29¢ (2°46) Of molyilithiuim in the fam of a fine yellowish powder, Ir - 


the atr the substance dartened and smoldered.; tt reacted with alcohol with a burst of yellow Name. A positive test 
foe halic® was odtatned. 


Found G: Lt 6.73; 6.70 


From C245 ie. 9.007 wole) in 15 ml ef benzene was addddra 
ethyllithum { @. fe 0.521 mo! in 15 ml of beezene, Aftera three -how: heatirg at a gente bol) (the Fiquid 
yellowed slighily), Ge separation of white needics anidenty began, The an-ount of these quickly increased, and after 
10-15 minetes they feted che whole of the solvi‘on, Keating *.as comitrucd for two hours, and was followed by 
conling to 100in Mitratior, four washes with pentare and drying. The yleld was 0.8 g (SC). 


in another experiment (2.3 g of ethylitthium, Sg of utphenylanurm-ony, in 59 ml of benzene, under the ssme 


€@ndittons) se pasatton of crystals was observed qlieady afte: 30 minutes The yield of was 2. (31% 7 
Found %: Li 8,28; 8.09 
CU. Caleclsted u 8.27 


Phenyllithiam formes infedble white needles, On coming into contact with aly. it srrolders. withoct igniting 
(the spontaneous of phenyUithium, deacrtbed in we Iiteratwe, must be ascribed to the presenceof ethyl 
2s impy:ity), Woes pet Loto water, phenylithium decomposes with much hising and buds of Saree 
It bs af poor solubtilty ta be we ne an! netzoleum ether, aml readiiy soluble in absolute ether, 
b) From tobe: When solutions, previously cooled to + 5? of 0.36 g (0.01 mole ) of ethyllithtwn in 
17 ml of bes.ene and of (9.01 niole) of lodobenzene in 16 m) of hevzene were mised, these was 3 slight evoisiicn 
heat ard the whote n.as sot (the behaviog ts sunita: to that which we have obse:ved when a benzene solutior 
of dutyllithium acts Sip A sivsil of tsopentene was added , and the precipitate was rubbed 
Out with a rod and fiitrred Off It was washed three thives witn mi each thine), and d:ted at The 


2 


_ yletd of pheayllithium, in the form of a fine powder, was 0.44 g (52.1%). A pusitive test for halide was obtained. 


Found &: Li 7,95 
Calculated %: 8.27 


¢) From Bra:nobenzene, When 0.36 g (0.01 mole) of ethyllithium in 15 ml of benzene was inixed with 1.56 g 
(0.01 moie) of bro:nedenzenz in $ ml of benzene and the mixture was allowed to stand for two boura, .a sight turbidity ap 


peared which gradually increased in intetulty, After one cay characterisic crystals of phenyliithium had separated, A fe 
further day was allowed for completon of the reaction, and the usual treatment followed, giving 0.65 g (78%) of phenyl- 
lith'um, The substance contained Mthium bromide as impurity, It should be noted that when the reactibn mixtwe cous 
the crystals of phenylilthiuin was allowed to stand for a longer period (more than a month), 4 gradual disappearance of tha 7 


cheracterigle crystalline precipitate was observed, and the scparation of small of a more white p. 
cipitate of lithiuin bromide occurred (as a result of the condensation 


Found %: LL 6.97; 7,03. 
Calculated %: Li 


Preparation of Tetraphenyltin, Absolute ether (340ml) was introduced under nitzogen into a rounddottomed 
focr-neckede flask Med with cropping tunnel, reflux condenser, tube for the passage of nitrogen, and mercury sealed stitre 
Crystalline phenylilthium (1,57 g) was dissoived in the ether, and with stirring and external Ice coo" ing stancic bomice 
(2 g) in dy benzene (10 nol) was added, Before the last portion of thé stannic bromide solution had been added, a test 
with Michier's ketone was positive; after the additinn It was negative, The miature was bolied gently with for 
two hours The usual teatment yielded 1.58 ¢ (7%) of tetraphenyltin, m.p, 224-225", In the residue froin the sepa ation 


of a test with an alcohotic solution of silver filtrate gave considercble the of 
hexapheayld!sannane, 


Preparation of TripheavImethaaol. The ptcparation was carried out in the same apparatus, Absolute ether 
(2s ‘m?) was poured tn. and then a tube of érystalline phenyl iithium (0.35 g Le. 1 mole) was opened ard its covterts 
were sprinkied in throug) the side tude of the flask in a counter of niuvogen, ‘The crystals dissolved Immediately. 
Benropienone (5.76 g te, 1 mole) was dissolved in absolgte ether (20 ml), and the solution was added, the course of the 
being checked by Qvalitative tests with Michler‘s ketone for the presence of phyayliithium. The amount added before 

the tes became fegative was 18 ml. Le. 0.72 g of benzophenone, The reaction mixture was stirred further for ac hour 
at room tem:pesanse, and the usual treatment then ylelded 0.65 ¢ of slightly greyish crystals (76% calculated on the amour 

of benzophenone tae for reaction), The melting point after recrystallization fiom alcohol was 162% 


a) From Awarm solutionof2.Sg 0.905 mole) - of ul-pt: omophenylantimony iu 15 m} 
Of benzene (it was necessizy to warm for complete solution) was added under nitrogen to 20 ml of a benzene sol-tio: of 
ethyUithiem 0. 79 g Le, 0,022 mole) Some yellowing and clouding wx observed when the sotutions were mixed, Tze 

solution was allowed to stand at room temperature, After 30 minutes the turbidity had appreciably incceased, avd biter at. 

hour ihe solution was compietly opaque and was full of a white suspension that gradually settied. Afier 12 hours f:om the 
stat of the reaction, the reaction vessel was about two-thirds full of white precipitate, above which was a clear, alirott 

-colories solution The precipitate was filtered off, washed with two 15 ml portions of pentane, and dried in acurrent of - | 

Bitrogen at 40-45° for one hour, The very fine white powder obtained was sealed in tubes, Ts was 


In me alr, inmediately ignites with a yellow flame, “The of Name ace similar 
sity) to those given by ethyllithium, . A few crystals invoduced under arcs into a benzene solution of Michles's 7 = 
and teated tn the usual way give an inten.e green coloration, : 


b) From p-Dibromobenzene. The solutions taken were: 0.18 g (0,005 mole) of ethyllithiam in 10 mt of beastie, 

and 1.17 g (0.005 mole) of pdibromobenzene in 5 ml of benzene, As soon as the solutions weze mixed, a stong t.bidity 
| appeared , and after one hour a considcrable amount of precipitate had separated, The mixture was allowed to stacd far 
six hours, and after the usual treatment 6.61 g (76.1%) of p-bromophenyllithium was Isolated, A poutive test for halide 


was obtained, 
Found %:; 114,91; 465 
Calculated %: Li 4,28 


ig | 


Preparation of from Tri-1-naphthylantimony 


Pr. paratior o of p 


a) From t: \-p calo- ophenylantimory. A solution of 2.28 g (0.005 moje) of tri-pchlorophenylantimony tr 10 ml 


of benzene was added w 30 snl of a solution of ethyllithium (0.79 g. f.e, 0.022 mole)s slight yellowing occurred, The 


solution was allowed to stand at 1820°, After about one hour some fine white crystals had appeared on the bottom of 


the vessel, and after three days the amourt of crystals had reached its maximum, The solutioa was then filtered under 
_Ditrogen and the precipitate was wasied with benzene ard pentane and. aed ia a current of ange for 30 minutes at 
35-45". yielding 0.8 g (45. of p chlorophenyllithjum, 


Found %: Li 5.64: 5.82 
CIC,H, ul Calculated %: Li5.86 


The substance. does not burn Io the alr. but slowly tums white, A crystal that hes lain ir the aby for about two 


miretes acd has becoirewhite at the sucface will still give an intensive green coloration when heated with a benzene 
of Michicr ketone and given the usual eatment, 


b) ohe nzene. The solutions taken were 0.36 ¢ (0.01 mole) of ethyllithium In 17 ml of ben- 
zere ard 1.91 ¢ (0.01 role) of pd-oirochiorobenzene in § ml of benzene, No changes occured when the solutions 
were mixed, After: one day large yellowish crystals (1.05 g, 88.6%) of separated, 


Found %: Li 5.69; 5.62 
CIC, Calculated %: Li 5.86 


A. suspension of 3.9 g (0.01 mote) of ti-l-naphthylantimony [23] in 15 ml of -hot benzene was added to 75 ml 


of abeniere solution of 1.47 g (0.042 molec) of ethylithium. The mixtwe was heated In a water bath at 70-75°, and 
aher about five ml stes the naphthyloctimoay went co:npletely into solution, The solution became slightly 

y2llow one hour of heating 2 turbidity appeared. which quickly turned la a precf{pitate Heating was 
coatinced furthe: for five hours, ard ro increase the amount of precipitate was observed, The eaction mixture 


was set aside at rooin temperature for ten deys: Fine dark-colored crysials were to be obstrved on the walls of the 


vessel, The solution was filtered and the crystals were washed three times with peatane, dried, and sesied in tubes, 
The yield of 1 was 2.18 g (56.4%). 


Found %: Li 5.24: 5,10 
ll Calculated %: Li $.18 


1-Sapthyilithiam doe: nat burn tn the al: 


accompanied by yollow bursts of 
Mik her's ketone test, 


. It reacts with water with charting and Intense Nissing (soinetlnes 
tr is in absolute ethr-, and it gives ag Intense coloration in the 


Pre of m from enyl 


The solutions taken were 0,18 g (0.005 moie) of ethyl}ithiuin in 10 ml of pure benzene and 1.16 g (0.005 mole) 

of 4-b:om obipheayl in § ml of beaezene, No chances occurred when the solutions were mixed, After standing fortwo — . 
days, the solution was found to be full of large White matte crystals which formed clusters. The crystals were filtered off. . 
wasted with two 10 ml portions of pentare. and dried at 30-35°, The product was 0,35 g (44 4%) of 4-biphenylylithium 
ia the form of a fae white powder, It.antained Uta! am bromide as impurity, 


Found %: 113.91;3,.98 
Cyligt. Calculated %: 114.33 
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AND PROPERTIES OP ORGANOSILICON ESTERS 
OF MONO- AND Di- -BASIC ‘ACIDS = 
D. N, Andrecy and L. tb. Shehukovskaya 


Only four trLalkylailyl esters RgStOOCR') are known. They are al] acetic acid derlva- 
tives the alcohol residues being trimethylsilyl (1. 2. 3). alethylsiiyl (4) wipropytsilyl (5) and tipnenyl:lly! They 
were prepated by the action of acetic anhydride oa RgMOC, Hy of sodium acetate on Organosllicon esters of 
dibade and liigher monobasic acids have not bean described in the Mterature. 


With the object of studying the properties of otganod}icon esters, we have now undertaken the syntheds of five 
esters of didactic acids and thive esters of higher monobasic acics,- For these syntheses we chose the method. wach has 


notteen usd previously, of direct reaction of the acids with FgSiCl to give esters of the types P,SiOOCR’ and 
COOS;R: 


POOCR' —> + HCl: 
AR SICH + HOOC{CH,), COOH +2HCL. 


The reaction was carried out by heating a mixture of the components in a flask fined with reflux condenser and 
protected by a P,C, column from the acticn bed atmospheric molsture, 


All the esters obtained were clear colorless mobile liquids having a feeble characterise odor, what remiat 
scent of mold. In their tendeacy to undergo hydrolysis the synthesized esters differed notably from analogs. the 
gaulc esters: They were al! readily hyrolyzed by dilute solutions of sodium and potassium carbonates. The hydrojysis 
of certain organosllicoa esters of dibasic acids occurred rapidly. even under the inflvence of atmc: moiaure, as wa 


readily revealed by the formation of a precipitate of the solid acid. Owing to this, it was sot found po:sidie in cemala 
Casts to determine the specific gavity of the exer. 


Of the five esters of dibasic ackis that were synthesized, the ulmethylsilyl of azelaic acié and the wicthyl- 
silyl § ester of succinic acid were hydrolyzed exce puonally readily, being almoz completely decomposed in the 


alr in the course of 6)-&) nuinutes. The wimethylsllyl ester of adipic acid was somewhat more stale 
hydzolyds being obwrved cnly after 15-18 hours. 


. appreciable 

The moa stable were the wlethylsilyl esters of adipic and azelaic 
acids Incipient hydrolysis of the lztter was to be observed only after 24 hours, and appreciable hjcrolysis of the first 
ester was to be observed only after 1.5-2 days. even when an addition of water was made, 


It would be premature on the baals ef these few observations to fori any definite conclusions concerning the 
effect of the molecular weights of the actds and of the hydrocarbon radicals atiactied to the si]'con on the stability 
to hydrolysis of organosilicon esers, lt may be poied only that, in the case of the adipic and azelaic esters studied, 
the replacement of uismethylslyl by triethylallyl increases the stability of the esters te hydrotyas. Owing to the im- 
possibility of using weatments with solutions of sodium or potassiu.n carbonate, the isolation of the esters in the pure 
state was attained by repeated fractionation at low precame in a current of dry air, in certain cases elimination of , 
the residual acid was effected by freezing this out in = ether solution. The physiochemical constants of the 


€sters are given in the table, 


| ‘In absence of an accepted nomenclature fee Organoslicon esters, the canpounds were named by 


apalogy with the cognate com pounds, 


EXPERIMENTAL 


1. Telethylsily} Butyrate 


a) Amixture of 20 (0. 13 mole) of (0. 59 mote) of acid was heated fas 


8S hours, Two vacuum fractionattons ylelded 149 07 mote) of the estcr as a colorless mobile liquid, The yield 


g 
— 
4 é = 
; — . 
7 
a 
| 


Formula 


85-87 


1.4250 


Hy, 83.5-85 °° £4245 

2 | (CqHy)sStOOC - CH, - CH(CHigy .5-93.5 1.4258 

4. - CH 172.5 1.4459 96.99 
§ CH: 153-154 1.4275 

| CH,+ 2229222 | 1.4475 106.25 
‘8 CHy Cry: 240-251 


1.4500 


120,14 


NReaiculated by E, Wartickh’s method (8) 
The ester was prepared from sodium butyrate. 


Found %: Si 13.89°; 13.92 
“Cyst Calculated %: 9113.86 
Found ester value **: 263.0; 261.0 
S10,. Calculated ester value; 277.2 


“bp A mixture of 37 ¢ (0.25 mole) of chiorotiethylstlane, 93 g (0.75 mole) of 2ry potassium butyrate, and 
300 mi of dry toluene was heated at the Sotl for 26 hours. The toluene layer was removed from the precipitate 
by filtration. and the precipitate was washed with a fresh portion of dry toluene, which was then united with ~ 
the main filtrate. Aftcr the toluene had been d!siilled off, the residue was vacuumn-fractionated twice. Two 


fractions were separated. The yleld of ester (the two fractions belng treated together for calculation) was 90%, 


Fraction L 89-61°/10 mm: 
Fraction IL b.p. 83,5-85°/9mm;271g .. 


Acalysis of Fraction I: 


Found %: 12.88. 12,96 


Analysis of Fraction ‘Ll: 


Found %: $i 13.57; 13.53 
Calculared"%: Si 13.86. 


Il. lsovalerate 


A mixure of 19 g (0.12 mole) of chlororierhy!silane and 13 g (9.12 mole) of isovaleric acid was heated 
for 49 hours, Unchanged acid was distilled of, and the residue was treated in the cold with a 10% solution of 


_ sodium carbonate and with water, and was dried with anhydrous Na,SO,y, Two vacuum fractionations yielded 
a faction of b.p, 2. S-93.5°/10 mm, The yleld was 26 % 


Calculated ester value: 2523. 


Trtethylstlyr Heptanoate ; 


A mixture of 19g (0,12 mole) of chlorouiethyl silane and 16 g (0,12 mole) of he ptanoic acid was heated | 


for $0 hours. The wiiole of the reaction product was treated with a solution of sodium carbonate, washed with 


water, and cried with Fractionation ylelded 9 g of ulethylsilanol (b.p. 157-158" 14300). 3¢ of 
* Siicon was determined by mincralization of a weighed aincunt by heating With a mixture of concentrated 
sulfuric and nitric acids, 


ee The ester value was determined ad hydrolysts of a welghed amount with solutions of alkali in diethyleae 
glycol 


78.47 


= 
: 
| 


hexacthyldistioxane 222-2337) and 2 g of a Faction of b.p. 127, 5-129° / 17 nm, 
Analysis of fraction of b.p. 127.5-129° 


Found %: Si 9.59; 9.45 
Calculated % 3111.48 | 
Found ester value: 236.0; 236, 0 
CysHy SiQ,. Calculated ester value: 229.5 


lV. Bis(triethylstlyl) Succinate 


A mixtue of 50 g (0.33 mole) of ch] orotr!ethylstiane and 12 g (0.10 oti ef succinic acid » was cae 
for 107 hours, A dark-colored inass formed in the flask. Uncharged acld was removed by {uation 
through a flrted with a porous plate, and the {filtrate was vacuuin All the fractlons 
contained crystalline ac!d as In order to remove this tmpurity, the main faction, b. 

195°/18 mm, was washed three tires with a 10% solution of sodluin carbonate and then with waters it was | 
dried oves Repeated fractionation uncer: reduced pressure yielded tricthylstlanol (6 p. $4°/ 10.5 mms 
1.42380; found 21.43%: calculated St 21.10%) succinic acid (d.p. 280°; the gives formed 
by hydrolysts of the exter, and a small amount of a fraction of b.p, 172,5°/ 120.5 mm, 


Ester valuc of f:action of b.p, 172.5°*: 
Foucd: 309.5; 310.5 


V. Ad‘pate 


A mixurze of 46 g (0.42 mote) of chlorotr'methy] dane ard 25 g (0.17 snail of adipic acid was heated 
fo hours. Unchasged acid was [tered off. with exctuston of and the filtrate was fractionated Ina 


_curent of dry alr, A fraction was twlated (b.p. 144.5-146°/19 mm) contalning a small amount of crystalline 


acid as impurity. In o:der to remove thts, the fection was dUuted with an €qual volume of petroleum ether 
and cooled to -15°, a-d the prec:ptzate ef ac!d for:ned was fllteted off at this temperature through a porous 
glass filter No. 3, with excl.ston of motsture, When the petroleum etisr was dis Died off, tt was accompented 
by the last traces of sol:d acid, aad 14 g (28%) of ester, b.p, 153-154°/22.5 mm, was obtained, 


Found %: S$! 17,60;17.95 
Cyt, Calculated %: St 19.20 


The analysts tesults indicate a low s'tcon content. This may be explained by the partial evaporation 


of trimethyl sJanol e. P. 160°) formed by decoinposition of the ester during heating with the mixture ef HgSO, 
and 


Found ester value: 394.0; 391.0 
SO, Calculated ester value; 385.6 


VI, Ad ipate 


A mix.ure of 50 g (0,33 mole) of chlovoricthylsilane and 30 g (0.2 mole) of adipic acid was heated for 


30 hours, The ester was lsolated th the manrer described for the preceding experiment, The ester boiled at 
221-2227 26 mm. ‘ 


Found %: Si 14.77 
Calculated 4: $114.97 


_ Found ester value: 300.5; 308.0. 
CutySyO, Calculated ester value: 299.4 


VIL, Bis(trimethylstlyl) Azelaate 


A mixtuwe of 65 g (0.6 mole) of chlcrotrimethylsilane and 38 g (0,2 2 mole) of azelaic acid was heated 


for 92 hours. Asa result of teaunent sunilar to that used {ip the two poets oe. an ester of 
b.p. 180-181°/23 mm was luolated, 


Found %: St16.0 
Fourd ester value: 347.0 


Calculated ester value: 336,38 
123 
— 


Vitt. tayistlyl Azelaate 


A mixtzre of $5 g (0.3 mote) of chiorotriethylailane and 20 g (0.1) eae of azelate acid was heated for 


Sa hours After thice fractionations at reduced pressure and freezing out under conditions used in previous 
25g b.p, 240-241 22 mm, was lsolay ed. 


é Found ester value: 282.0; 286.0 
St oy ed eservalue: 269.2 


SUMMA RY 


by direct of of tiaikylcht orosilanes with saturated mono- and dt-baste acids the have 


been effecred of ef, it organosilicon esters tha: have not been described previoudly-in the Uteratures they include 
_ five representazives of the compiezcly uncudled elas of esters of dibasic acids, 


2. B las been estabiisned that most of the synthesized esters are readily even by the 


-of the alr, a panic atarly marked tendency to betng possessed by esters containing 
silyl radicals 
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MACROMOLECULAR COMPOUNDS 


COMMUNICATION 51,. INVESTIGATION OF THE POLYESTER. EXCHANGE 
REACTION BY THE USE DEUTERIUM 


N. Kursanov, V. v. Korshak- and Vv. 


As ore of us {> cortjunction with othe: trvemtgators has established [1] the process of polycondensatioz cannot: 

be compictely cesc:tbed solely terms of reactions between terminal functiozal g-oups. in addition to these reactions 
which lead to chala growth, others, matnly of a cegracational character, occur, these being assactated with the 
presence tn the polycondensation p:od.cts of bords tr.at may be seadlly broken unde: the influence of the Starting 
sebstances ard of other substances of suntlar chem‘cal nature. tn the case of polyesterification, such degradattonal 
reactions ac‘'dolys's and glycdlysts alcoholysis (33, and transesteriMcation at the expense of ester 


Is-kages [4], <n the case of polyam ‘des, scch deg: adattonal mea be consideved to include acldolysis&, 
am!-otysis [€] and tansam‘datioa [7] 


The acidolysts reaction of a polyester has been fovea'gated by one of us In conjunction with Golubev [2]. the 
example takes the reaction of pelyethyle-e ad'pare with adipic acid. tt was found that the Ceg-ee of deg-adation 
was disectly proportional to the arrount of tazen for acWolysis) A simMar pictu-e was observed previously by one 
of us conjunction with Refixov [5] and [6] in investigations ofthe acidolysis of 


by adipte acid. 


The alcotolysis of a polyester was t-.vest'gated by ore of is ard Golbev, the example taken being the reaction 
Of polyethylere ad‘pare with ethylene gtycol;. a lowering of the molecular weight ne polyester was found to 
(2] The lawsof the alcotolys‘s react‘on were established particularly clearly by #orshak and Vinogradow for the 

alcokolys’s of potybexamethylere scbacate in presence of bexadecy! alcohol (3). very [8] examined the aleoholysts of 


two polyesters d'ffe-irg molec ar we'grt and havirg terminal Ke found that inthis case also lower! 
of the molecular we'gh: of the mixture 


The kinetics of the ac‘dolys's acd alcoholys!s reactions were invest'gated by two of us with the aid of model re- 
actions of a similar type which low molec weight (9,10) were used, Ac'Zolysis was lwestigated for 
ethyl stearate acet‘e [9], avd ‘t was fo-rd that at 250° about 44% of the ethy] stcarate taken acid 
Olys's, The alcoholys’s of ethyl stearate hexagecyl alcorol (acd also the ac‘dolysis reaction) ts greatly accele>- 
ated by rise temperature, and at 163° ‘semablished when 61.5% of the orig'ral ethyl stearate has been 
converted ‘nia hexadecyl] stearate [10] the alcohslys’s react‘on the process ts g-ratly accelerated by acids, alhal’s 
and certa‘n metal salts, whereas alcoholys:s is ghuly accelerated by add:t‘oa of acids [9,10} 

Apast howeve: Eem suck exchange reactions, In which & 


the end g-oups take part, it ls poss:ble also for dtffece=t 
polymer to react ove another at ester, amide, ard other suff'c*e~tly polar Dl) react:o-s mest 


also be dezadatiora ard Vet roie the geneval balance of the polyconde-sat'o~ process may evidently be a very 

impact one [12] HKoweve-, rebody has yet succeeded tn proving the presence of such side reaction: ally, 
acd ary of iz the ge-e:al process must therefore be tentative, The suggest‘om that sch 

are of co-s'derable irr povtar-e was made by ove of us a cons‘dcrable time ago A kiretic Lrvest 

of ar. exchanye ceact‘on of this type was carz'ed o:t by two of us [14] it was found that the reaction tnvestigaced, 

the of ethyl stearate ard hexadecyl acctate, greatly accelerated in precence of acid catalyss; 

alkaline catalysts ace somewhat less active, The reactloa may occur algo in absence of catalyst, bet the perce~t cor~- 


version the-. co-s‘derably lower: Thes in hours at 183° the degree of conversion was 45% in presence of 
sulfuric acid, but only 13.5% of catalyst, 


The present tr vestigation was carted out with the object of obtalning expe: of the 
rerce of exchange react'o: proceeding at ester groupings 2> the course of the polycorde-sation 
process, We decided to adopt a new method fo: thts prpose: it consisted i the use of compounds containing a labeled 
atom, ramely devte:‘ain, For our labeled compa. d we chose diethyl succl~ate? -3d,, which we caused to react 
with polyhexamethyle“ sebacate, Trvest!gatio- be the peodcts. of this seaction cout be expected to ative an une 


| 


was obtained by electrolysts of an alkaline solution of ccuterlum oxice in water, A solution of caustic soda 
(1.28) in distilled wate: (2 ml). was placed in U-shaped electrolysis vessel, and 2 ml] of deuterium oxize was ad- 


-€quivecal amswer to the question of whether of mot there was aay interaction involving ester lirkages, betweeathe two 


esters, If the poiyester isMaied alter the reaction with dietayl succinate —2,3-dy were found to contain deuterium, It 
could de regard ded as proved tha. an exchange reaction had o: cuted in Piet a with the following equation: 


3 


It would be necessary, however, to make sure that unchanged diethyl suce inate-2.3-4, was completely semoved 
from the polyester, for oniy then would the answer obtained to our question be uncquivocai, On this accourt 3 


special procedure was evolsed for the ase acaa of. the polyenes, and this ensured that ft was alinost completely 
freed Som: diethyl 


EXPERIMENTAL 


Diethy! Succinate, Diethyl was by hydrogeratton of diethyl mateate 
ethyl! Scetate soluon with deuterlum-enciched hydrogen in presence of a palladium catalyg, The heavy 


ded, Acament of no greater than 0.5 amp was used. The deuterlumtich hydrogen obtained was collected in a gas 
holder which was {ued with a dilute solution 6f copper sulfare in distilled water (the solution wes pale blue). 


Diethyl mateate (1C.6¢) and ethyl acetate (15 ml) were introduced into a hyd‘ogenatton: flask, about 

of a palladium catalyst, prepared by a well known method [15] was added, The alr in the flask was displaced with 
Ordinary hydrogen, and the flask was then connected with the gas helder containing deuterlum-ich hydrogen. A 
Drechse] vessel containing sod!um plumbite was placed between the gas holder and the flask, The flack was shakes . 
mechanically during the hydrogenation, which was continued until absorption of the hydrogen had completely stopped 
(adcut five hours). The total amoum of hydrogen absczbed was abou. 1.5 liters, which was only slightly greater thaa 
the. amount theoreucally reculred. When abscrptioa of hydrogen had stopped, the catalyst was off and washed 

with a Litue fesh ethyl aceiaze; the filtrate was vacuum-disilled, the facuon boiling at Emm being col- 
The jeoduct was 15 ¢ (44, 0%) of succinate, 3-4,. The deuterium content of the ester was determ. iced i 
by burning ft and measuring the Cersity of the resulting water by the float method, The density excess of the wate: 
was found to be Soy. which comesponds to a 21% deuteriu:n content in the diethyl succtaate-2,21, obtained: 
for this purpese, being treated 23 one C-H bond formed in the hydrogenation process, 


Po!; sexamethylene Sehacate, 16 !fxanediol (10g) and sebacic acid (20.54 g, 20% excess) were placed 
in a condensation tube and heated “a a current of nitrogen, prevJously purified from oxygen. The temperature was 
gtadually rated: the fis seven hours at 180°, after which the temperature was raised to 256° in the cocse of ‘re ~ ef 
A vacuum of 2-3 mm was applied, and the reaction mixture was raaintained at this same temperature for 35 

hours in order to purlfy the polyester obtained, it was dissolved in benzene, and, after ‘tration of the solut’or, 

precipitared with petroleum ether, The polyhexamethylene sedacate obtained had a molecu'ar weight, determired 

from ita —T in beazene solution, of 3400, End-group determinations showed that all = end g-oups were 


- 


A very important question, which had to be settled betore proceeding to the malin Investigation, was the : r 
possibilizy of completely removing diethyl succinate-2,3-dy from the polyester after the reaction, It was essential 
to be absolutely sure that the whole of the unchanged diethyl succ inate-2,3-d, could be removed from the poiy- .. e 
exer, and that the pelyester would not retain any in the adsorbed cate, Only then could we draw any cozels - 
sions on the basis of determinations of 5 ne content of the polyester after its reaction with the low- 


molecular-weight ester, 


With this object a ‘wcled amount ani the pays ster was melted and mixed with a welghed amount of di- 
ethyl succinate 2,3 The homogencous mixture obtalned was subjected to various treatments in orier to serrove 
diethyl succinate-23 dy, and the polyester, purified in one way or another, was carefully dried, It was then burnt, 


and the resulting waiet was collected and its density excess was determined, 
126 


| 


a & 


The jossibUity of effecting purification by repeated extraction of the polyester with ethe: was tried: A 


mixture obtalned from 1.75 g Of polvsster and 0.54 g of diethyl succinate 2,3d¢y was washed repeatedly with 
ether ard was then left overnight under a laye: of ether. On the neat day the polyester was futered off, dried : 
ard burned.The density excess of the water obta‘ned was 3607; this method of purification was therefore inef- | 
fective, Purification by reprec!p‘tation of the polyester was found to be more effective: a mixture obtained S 
fom 2gof polyeser and 0.8 g of dtethyl succinate-2,3 4, was dissolved in berzenc avd prectptiated with peor 
leum ether, the operation being repeated {ive tures (in exper!ments ta which only three preciptations were 
given, the density excess of the combustion water was 457); the polyester was thes repeatedly shaken with ether 
over a pericd of three days, and was thea filtered off and burred. The dens'ty excess of the combustion water was 
Le. in this case practically complete purtf'cation of the polyester from diethyl succtnate2,3-<dy bad been 
effected, This purification tectnic was apptied by us in the Isolation of the polyester after react'on with 
succinate-2,3-d,. should be noted that these exper!me its have indicate} how tenac!ously low trolec ulat-~welzht 


_ impurities may te held in macroinolecular compourds and have showa that extraction trreltable 
method for the removal of such im pur tt les, 


Experiments on the exchange reaction of polyhexainethylene scbacate with diethyl succtuate-2,3-4 “were 
carried out as follows: polyhcaamethylene set acate (4.02 g) and diethyl succiuste- 2,34, (2.46 1 mole per. 
basal mote (pe: unit of polyester, were placed tn ax ampovie, which was freed 
ftom a‘: by repeated Liowlng with followed by evacuation The ainpoule was thea sealed off ard placed 
is the vapors of boiling biphenyl (6 p. 250°). heating was contirued fo: ten hours, The :eact!oa product was 

at'fied bz the five-old prectp‘tat!on method already described, and was ther burned. The density excess of the 
combust!on water was found to be 3i7y. Ira experirent, carricd wut under the same the 


ote 


dens'ty excess of the combustion water was 3547. The mean density excess of the combustion water was 350y. 


The presence of deuterium in the polyeser after the recction, which fs indicated | by the apprec lable den- 
sity excess of the combustion water, fs ar ird!sputable proof that an exchange ieact'on, involving "he eer Itckages 
occurs between polyhexamethylene sebacate and d‘ethy) «uccinate 2,3-4, sicce only {1 that case could the 
deuterated ester enter the coir pos'tion of the pclyester, Le. be feana the chem‘cally bound state axd 
the-efore not be separable by phys’cal methods As ccrtrol exper!ments have shown that a very amcunt of 
will cevestheless be reiatned by the polyester, as may be seen fom the density excess 
Of 3dy found these experiments, it mus be asunred that an equivalent density excess of J20y for the poly- 
ester after reaction will charactezize the extent of the exchange that occurred between the polyester and diethyl 
succ'nate2,3d,. UH complete (106 %) exchange bad occurred, the density excess of the combustion water of the 


polyester after reaction would have been 100/iy. th our case, therefore, about 39% of the polyester encered 


the exchange reaction with diethyl succ inate 2,3-d,. 


| SUMMs.RY 


1. Aa tavest'gation has been made of the reaction between 
and diethy} -2,3-dy. 


thas bees, proved that exchange reactions esterlinkages occur during the course of 
the polyesterification process, 


3. A convenient method has been developed ior the preparation of Sochygt succinate 2 ¥*: 
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RELATIVE BASICITIES OF NITROGEN ATOMS IN COMPOUNDS OF THE 
2-AM?NOPYRIDINE AND 1-ALKYL- TYPES 


One of the distinguishing character!stics of compounds of the 2-amlropyridine a and I~slky}-2(1H)- 
pyridonunine (1) types, as coxtaring the 
is that in thet salts they function as mousacid bases, 


Thus, the molecule of the liane d'ac!d base (1 or Ef) fs able to hold firmly only one p-oton 
This phenomenon, a; such. has been sat‘sfactor‘ly explatned with the a'd of the concept ef inductive inacti- 
Watton [1] but the question of which of the two n/trogen atoms plays the pact of the salt forming center could | 
not be rega-ded as solved until receauy. 


In 1847 one of the authors.of this communteatior, together with and concluded 
on the | basis of the results of abso-ption <pectra s..ites [, 3] rat in salts of compounds of Type ! the proton 
{is bound to the ring nitrogen (the example studied was a of concivsion was based 
On the follow'rg experimental results: a) the abso-ption maxi:ram of 2-am!nopy-tdine (1) ts displaced toward 


the long waves {n compactsou with that of — by abo.t 460 A; and >) the dest, ys curves of the meth- 
lodide of (115 


| 


and pytid'ne are practically identical with respect to the positions of thelr abso-pt'on max‘ma, ard st sim ‘as 


cotnc‘dence of the curves ts observed also fo: the pai: ~—methiod:de of and 2: 
éine 


follows from these facts that salts belonging to the types (V) oad wy 


pytidine in heptane; the save 


e€oluma of the table, 


(Ry and Ry may de HD should be cuite distinct from one another in their absorption spectra, since the first (V) 
baving 4 a quad: ivalent side-chain aigogen {s an analog of the methiadice whereas the ls aa 
sralog cf the methio.ide iV, 


The hydrochloride of 2°-aminonicotine, which fsa_ 
substituted 2-aminopyridine, differs insigni fleantly spoctally 
from 2*-amtroaicotine itself was this fact that served 


_ asa basis for the above-mentioned conclusion concerning 
this salt, 


The absorption spectra of unsubstituted 2-amtnopy::- 
dine, as will be seen from our results (xe Table 1) and results 
obtained from the Mteratore,* have the same character in a 
number of ronaqucous solvents, and when thes are re placed 
by dilute hydrochiaric acid, only an Insizatficant bathoch-omie 
shift is to be observed (Fig. 1). Since in this case also ther ts 


Bodisplacement toward the short waves when salt forration 
Fis 1 tate Occurs, the inferences made for can be ex- 
tended also to 2-aminopyridine: the salt-forming center fs 
again the ring nitrogen, In chese respects the propertics of 
2-ainloopyridine ave repeated by derivatives having substi 


tuent: in the amino group, Le.; 2-methylamlnopyz ine 


“It may be con- 

sidered that the tendency ~ 

for the proton to be dound 
- by the ring nitrogen atom 

will be found in the maj- 
ority of the bases of Type 
1 (R=H, alky!, of szalkyl), 
departures from this rute 
being, of course, poshle 
whea certain stcric factars 
opezate, 


Compounds of 
Type 0 are stronger bases 
than those of Type L This 
is shown, in particula:, by 
the fact that the former, tn 
contraz to the latter, form 
carbonate: tha® are stable at 
ordinary tempegaiuce [4} 
- The very fact of the change 
in basicity observed for every 


pair of tsomeric bases (I and 
1D may be as evidence a new ssi center has Such a view was in fact sdvamed by. 


Golcfard and Danyusttveky [4], who considered that the salt-forming center in bases of Type (Li) was at the doubly- YS 
side-chain aiuegen, The experimental results of the present investigation confirin this point of view, 


Fig 2. e-e-e- 2ancthylamine 


Fig 2 
pyridine in 0.04 N hydrochloric 
acid; o~o-o— the same in dioxane - 


dioxane, the same in 0.04 
N acid, 


As will be seen from the results given In the table, these systems differ spectrally from sy stems of Type Q 
in that tel absorption maxima preserve thelr positions in each of the two groups of solvents (hepiane, dioxane 
and ether, ethanol, water, hydrochloric acid), but are apjseclably displaced when a solvent of the first group ts © 
replaced by one of the second. Setkli.a, Danyushevsky, and Goldfarb, studying for the first thine the absorptioa 


© The results of ciler authors are by the insertion a muice reference nuinber ta the 
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Substance. Formula’ 


2-Aminopyridtine: 
in heptane 
in ether 
in dloxane : 
in dioxane ¢watere Nt 
in ethanol 
in 0.04.N hydrochloric acid 
2-Methylam tnopytidine 
in he prane 
ia ether 
in dioxane 
in dloxane + water 
in ethanol 


in 0.04 N hydrochlorte acid 
ia water 


1-Methyl-2(1H)-pyridontmine 
in he pune 
tnether 
in dloxane 
in 


in 0.04 Nhydrochloric acid” 
in ethanol 


2-fenzylam‘nopyzidine 
fa dioxane 


in dicxane ¢ water -NHCH,C,H, 
An 6.04 N hydrochloric acid N 


SQ 
in d‘oxane 
in dioxane ¢ water 


{a 0.04. N acid 


in dioxane 

in dioxane water 
in ethanol . 


in 0.04 N hyrochloric acid | 

in water . CH,CH,OH 
2(1H) pyzic onimine 

in he pane 

in dioxane 

y ‘ 

in dloxane water 

in 0,04 N hydrochloric acid 

in water 


* Dioxare water 36%, 


** Se also [5), 
See also 


20 | 34 
298 | ~3.6 
206 | 35 
205 | 3.2 
| 46 
301 | 2.1 
298 3.4 
300 3.4 
303 | 3.5 
305 | 3.3 
306 | 36 
305 


36 3.2 
350 3.5 
345 3.3 
2463 3.34 


306 3.4 
307 3.5 
309 - 3.7 
35 3.4 
333 3.5 


350 3.5 
350 3.6 
305 3.7 


310 3.7 
305 | 3.7 


j 
4.1 
4.1 
3.9 ee 
4.2 
4.2 


Preference 


3.8 
5) 
4.1 eee 


37 
3.8 


| TABLE 
A(mp) A (my) - 
= 
238 
238 
233 
244 
245 
235 
247 | 4 
246 4 
238 | 42 
305 | 3.6 237 2.8 
300 27 - | 
| | 
350 | 35 | 258 | «4 
| 3.6 | 235 3.7 
305 3.6 | 236 | 3.2 
CH, 34 3.7 


spectra of wine bases of the L-alky!-2(1H)- -pytidonimine type, OLserved a similar type of di-placement wher 


comparing the adsorption catves far L-methyl- in hepiane ard tn alcchol and later 


Anderwn and Seeger observed when the abscration specaa of this base in an- 
hydrous and in agueous dioxane 


In connection with the question under €xamination, it must be ad out here that the absorption 
curves of pyridonimine systems in acid media are practically identical, with respect to the positions ofthe — 
maxima, to the absorption curves of aminopytidine systems (Fig. 4, 5, and 6). Tnis may de interpreted as due 

- to the reaction of the former with acid to give the structure nf the second (aminopyridine) type: 


NH, 
a. : 

- (WD) 

Ir will be seen that ft 1s sugzested in this scheme that the protou unites with the side-chatn nitrogen 


atum, ylelding, owing w simultancous displacerneac of the double bond, a compound having the benzene 
boi ‘ sytem. Uf the proton had added at the ring nitrogen, an fon would have been formed of structure 


a 


having the same system of bonds as thar of the original compound (Type +5) and spectrally not disting: !shable 


from it, Actually, compounds of structure IJ la heptane or dioxane give a band having a maximum at 3450- 
3560 A, whereas in acid the maximum is at about 3000 A 


From these jc sults we may conclude that the side-chain nitrogen atom in molecules of bases of Type 
(I) has a greater affinity for a proton than the ring atom, and, since the affinity for a proton !s the e:tzerion 
for the srength of the base, we may speak of the relative or compazative basicity of these twe atoms ft Is 
relevant here to note the parallelism in properties between 1-alky]-2(1#)-pytidoaLmines and simple amidtres: 
in the latter also, according to Shigorin and Syrk'n's results [6], the more basic niuogen atom Ls the double- 
bound imine atom, The higher basicity of the side-chain nitrogen of compounds of Type(") fs evidenzly 


: 
to some extent to the tendency of the fon forined by addition of a proton at this point to pass tnto the e-e.g 
cally favored benzenaid system (see equation above) 


In view of the fact that the absorption curves for 1-benzy]-2(1#)-pyridonimine and the tsomeric 2: bea= 
zylaminopyridine, dissolved in each case in ethanol, are found to be coincident (3) ard that the same appltes 
te another pair of isomeric bases, l-methyl-2(1H)-pyridonimine and l-methylaminopyridine (see table srd 


(2). we may conclude that the same transformation occurs alzo when bases of Type Ui react with etharol 
The structure of the system formed (VUD 


should not differ spectrally from that of bases of Type ) or of the salts of the structwe (VID; this focpd to be 
%& when the relevant curves arm compared (see the table -ad the curves in Fig. 7). 


ceineidence of the acsorptlon curves of amtropytidine and pyridonimine systems tr. alcoro! ard, 
as wes shall see. in water inay therefore be explained by the tntcraction of a base of the secord type wth the 


med'um, th!s con ectioa, it should be noted that the eaplanaticn of the spectral dentity of compounds of 
Types (1) and (!!) gtven in the paper by Goldfa:b, Danyushev:ky, and Setkina [2,3 was Incorrect, being based 


Ona cornept co: the superporition of structcrtes that is known to be crrone as we have seen, the ab- 


sorption spectva of bases 

of the second type in 
media thar do not react. - 
with them (dioxane, - 
heptane, etc), differ 
gceatly f-om thos of 

the 

serizs, 


_ given tn the table and 
the curves in Figs. 5, 6, 
1, acd 8, it will be seen 


absorption bards that 


the same £1 0,09 N 


that substituted 2(1H)- 


2-am!nopyrid-re systems 
py:idorimire in d'oxane; ates tn 
HCl: pyridowi- tthe same 0.04 N HCl; the 3st 
mine ca dioxane; A~A~A- the same in in dfoxane water;e—e-e— 
0.04 N HCL 
2-benzylaminopyridine in N 


mine in aqueou: dioxane, 
__ as was shown by Ardersoa 
_ard Seezer and Las 
been confirmed by us. 
gives rot only the basd 
to the 2- 
aminopy-idine type of 
_ system, but also is own 
characterisle band with 
a maximum at 3450 A, 
Ir this case, the-cfoce, we 
have an ¢quitibrium sys- 


tem 

7: 
HO Lo 20 

2(1H)-py-idor imine in ethyl)-2(1H)-pyridonimire in diox= 
the same in dioxane ¢ ane; x~x~x~ the same inethanol; CH, 
the same in 0.04 N HCL 


the same in water, 


Tae fa, maximum, to systems Tyre is not Sound in all cases: “ths may 
be because the equilibrium fs strongly displaced toward the amtnopytidire 


When 2-aminopyr!dine resets with ethylene oxide tn alcohol [7) or in aqueous dioxane 1- hyd-oxy- 
ethyl) 2(1H) pyridonimine forrred, In abscace of water or alcohol, this dees not (8) Taking this 
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fact inte acces ami assuming also that reacts 
ony tathe astcopy:-dine form [2], Goldfarb and Pryant: hnikova 
have sugcested the followlag sche-ne for the mecharisin bye 
the formation of this 


Fig 8, 1-Methyl-34{1- 
methyl-2 
pytidonimine in d:oxace; 
the same ind‘oxsne 
o~o-o~ the same fn 0.04 N EC], 


‘An anempt w fslate the base (A), as such, could rot,of 
cours: succeed; it was therefore necessary, in ordcr to confirm that 
§t was for the process to proceed according to this scheme, 
to make are Cat the bas(B) was able to give, by hydcation, a 
quaternary bax of sructure (A), The results given in the table and 
by the curve Fig 7, prow'de evidence in suppo:t of the view that 
in solvents of the water type, 1-(2-hyd:oxye thyl)2(1H)pyzidontmine, 


which gives a bad is chatactertstic for amizopytidine reacts «ith solvert s 
base ofthe type (A). 


EXPERIMENTAL 


Chermtcal Part of the Work 


was prepared by the method of Chichtbabin am Krunyarts 110}: a b. 
afer two of 2°/11 mm, b.p. inm, was by 
method of Chich Sabin, Konovalova and Konovalova D1} 


was prepared by the method of Chichibabin and Krunyants 12} The product 
twice from alcohol and then melted at S4°. b.p, 169°/6 mm, was 
syntivesized Sy he method of Chichibabin, Koacvaiova, and Konovalova [11] 142 Hydroxyethyl) 


mine was obtained by Krunyants’ method [7] substance was crystallized three times ony absolute 
and tes meied at 127.57128.5° 


was prepared by Goldta: ba:é Ko: 
method [13] and was purified via the carbonate, After being liberated f7om thls salt, it was 2 
disulted, bp. 144-147°/3 mm. 
heptane: m.p. $748". 


2-Ami Opyiidine was purified by vacuum distillat tion acd fom 


The solutions requied for the spectrum determinations were prepared under cordttiors that 
entry of carbon dlox'de and mo‘stwe from the ak. Weighed amounts of the pyridonimines we:e takes 


€apillaries, which were then broken under the solvent, the al: in the Mask having been previously by 


2 Opt! cal Part of the Work 


The specta were phowgraphed on a medium-sized Hilger The dispersion of the 
graph 44 my/mm at 360 my, and 12 my/mm at 250 my. The light source was a tungsten ae, The 
ensions of the slide of the spectrog-aph were 13 x 18 cm, and {soortho plates, sensitivity 400, were ued, Tas — 
developer was of tLe metat~hydroquinone type, and the fixing bath was acid, The spectca were by 

the “equal biackening® method. A quartz Hufner rhomb served tor dividing the ght beam, Va‘stion ‘atte 
foterskty of te compazison beam was effected with the ald of a rotating sector, The places of eq_si biicher~ 

ing found viscally, The wavelength wale was provided by the spectrum of a copper arc, Eve_y 
was measured several tines, and the result was considered to be satisfactory when the points fo.cd fom tre last 


: 


photograph of the spectcin fined clese’y t9 re cucve froin, prev-o.s The con.ect ation 
of the sol:tion of a gated was alte ed by facto s cf 10 ard 100, 


We feel that tt ls Ou: duty erp ess deep de to Prof. E. V. “Stpol: thy for making 't pess’b’e 


for us to cacry out the opt’cal of the wo. ta the al lsbo-atory of wich he is diectoz; also for 
. interest in our work, 


SIMMaRY 


“1. It has bee~ showz, by of the abso spectra of compo.nds of the 
series and the 2(1H) py: Con’m're Les ed's, that the salt bases of the frst 


type is to be found at the sore, Daves of Ge wevocd type ft ‘s to be fou-d st the 
side-chain 


When substituted a ae ¢:swived tad Jute acid tr 
they assume sttuct.ces of te 2 selt type. 


waite: 


alcohol 
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.RELATION BETWEEN THE STRUCTURES. OF CERTAIN ORGANIC BASES AND 
THER ABILITY TO FORM ADDITION COMPOUNDS WITH CARBONIC ACiD 


COMMUNICATION 2, PYRDINEDERVATIVES) 


Ya. L. Goldfarb aad Ya. 


The results of a study of the act!oa of cabonic acid on cectain 2’cottne derivatives, which were 
sented tn the first communication [1] led us to the foliow'rg conclusions: 1) bases hav’ng tte 2(1%) 
im!ne (1,2 dthyd:o system of bonds (4) ave preecip:taied the'> 0: ace- 
tone by carbonic acid, yielding salts relatively stable at room iemperatce; 2) bases the 
structure (B) ave not precipitated from the‘: solut‘ons in these solvents by carbonic acid at 
3) tn the saits mentioned the sa!t-forming center fs at the doubly bound s'de-chata n'troger; and 4) the com- 
pounds formed by addition of carbonic acid to nicotont!mines ate casborates, rot carbamates, 


®) 


was considered desirable to determ!-e the extent to which conclssiots applied to aralogous 
compounds of the py:idine sestes, in which te bas‘c properties are assmclated with.the peserce in the mole- 
cule of only the two nivogens of the am‘dine grouping ard are not sub.ect to the influesce of the thrd nite- 
gen atom that {s present in bases of types A and B, The results of the experiments that we acco:ding’y carried 
Out are giver in the table, for convetience, they are arranged may readily be made be~ 
tween the membe:s of each pat: of tsomeric bases with respect to the tr behavior toward carbonic acid. 


Exam'nation of these rewlts shows, of all, that, as in the cast of the coz espondi: g de“lva- 
tives, l-elkyl-ard py-‘donim ‘ces form cachoraces that are stable at “oom Th:s, 
fom a very ethereal solution of py idoalm're containing the aroun of wate, 
precipitation of the salt beg'-s as soon as passage of CO; beg-ns; prectp'tarion ‘s complete at room 
temperature, and the y!cld may be furthes trc-eased to 94-95% by lowe:'ng the 19 2- 
Methylaminopyzdtne (11, which ts tsomerte to (I'a), is not precip‘tated at sooin forms 
relatively concentrated solutbn; only the tempezature ts lowe-ed to —30 35" 8 to be observed 
tn the sclution, and a thin layer of ol! ts fo-med, which lrmedtately gtves up CO, tothe aS. The native of 
the product formed in thiscas, and also that of the crystalline compeund forrred fom 2 () at 


low tempe*ature, could not be established owing to the high instabiJity of these substancey “= view of the othe: . 


results given in the table avd tn the {rrst commun'cation [1], we may sugze Oniy thst these products ae not 
salts of the tautomer‘c, pytidontmire forms of 2-aminopyt!dine or 2-methylain‘ropy idine, salts of this 
type are stable at oom temperature, The behavio: observed for the Lsomesic pels of bases (2) ard 
and (“Va) Is similar to that of the pair and (a). 


2-fenzylam (lif ts rot peciptiated by carboric acid ato: tempe “atures, even froma 
3% solution and when the temperature !s lowered the precipitate formed ts not a salt, but uncharged bsse, The 


© The y‘eids given in the text relate to the amount of salt obtained by satwation a soluzion of the cower | 
tration indicated in the table with carbon d‘ox:de, 
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TE 


4 
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TABLE *.. 


Rase vert {| sud- 
per ing $s 
100 jtemp. 
ml of} (°C) 
sl- 
went 


© See page 140 for fuotnote and key to abbreviations, 


Limit j reciplta- 
of tion 


44.6516.31 
44.72)6.52 


~ 


. 


a. 
5 


Reac-} Found 


63.07,5.73 


47.23 6.83 


47.56 6.71 


Calculaied 


HCO, 


| | | 
pound of addn, c lm H | 
No, prod.at | with | 
| dito: stab, ¢ 4: 
j bas! 
Va) \ —E }16 room| — stab, | ¢ 4158 len 


= NCH | 


| 


(VD 
( 


~ 


TABLE (cominued) 


| 
| 
| 


| 


© For information concerning apparatus and procedure see the firs communication [1] The concentrations of the 


solutions were chosen so that the ainlvopytidine base was treated under the more favorable conditions for precipi- 


tation; in some cases, however, it was not possidle to obtain a sw iution of the desired concertration, owlng to the 
limited solubility of the bax. The amount of water introduced was 1.2 moles per mole of base. At Jow tempera- 
ture a past of it froze out, but this did not affect the course of the precipitation The time during which carbon 
dioxide was passed varied from 30 minute: to several hours, depending on the observed rate of precipitation, 


Abbreviations: dry solvent: E, ether: A, acetone; D, EA, ethyl acetate; P, pyridine; B, benzene; 
—, does not precipitate; er. ppt., crystalline precipitate (underlined, rapid prectpitat‘on; not underlined, slow pre- 


cipitation); stable; unstab., unstable, decomponing in the avr with evolution of CO,; «, positive; 
orig base, original base, 


however, begins to be from its 2% in ether already 
. at room temperature; the yield of salt may then reach 36%, but by lowering of the temperature to —10 -—15° 

the yield may be ralsed to 95%, (LV) ts not precipitated froin {ts dilute ether solution, 

or relatively concentiated ether-acetone solution, even when the temperature ts lowered to -S0*, The isomeric 


N, i<dimeth yl-2(1H)-pyridonimine (IVa) forms a stable salt In — yield froin ether solution at room temperatures 
the yleld from acetone solution ls about 57%, 


| 
1 | 2 s | 9 | 10 2 | 13 
: 0 —40 prt. 
AQ E fio | -So orig | 
Band orig ! 
| 2:3 
4 


Is thisdaz the pmsththity uf the formation ts excluded aud the addition product 

formed with uf eater, may be d es established that fr isacat. A similar: concly- 
sion can be msde on of for othe, stab.c carbonic ach! a4detlon compounds that are chvacterized 
in the table,. In th!s cangectioa fi be aoud that these addition prducts have the charscterteke property of 

wil] be scea Gom thes considerations that we have ucated the conspmacance ofa when the 

ether solution of a bax was satzvated with cabonic acli as an Eodication tha: the salt was unstable under the given 
conditions It may be suppoecd thet in our experknents the factor the behavior observed was the 
degree of instability of the salt, and not {ts saich'juy. Gereraily speaking, the carbonates of 
donimincs ase practically insoluble even motst ether: thus, when-the carbonate of 1-benzyl-2(1H) 
(Ula) ts beated with ether, oxly traces of base, formed by decoy pos'tion of the salt, pass into wlutiog, The slu- 
bulites of carbonates of the Lomeric could mat be dircetly determined, since ch salts 
were rot acces.'ble at room fempersure, Sincg, however, compaunds of the structure, such as 

(11D, ave less soluble tn ether than thore having the Lomesic pyridontinine structure (IIL), 
it may be wppowd chat de ether-wlubUity of salts of the base (UD wil: in any case be rot g-cater than that of 
salts of the base (Ills). We hove seen that at temperature a precipitated from a solution of 1-benzyl- 
21H) (Ls) when with carbon disalde, whetcas a solution of (1!) remains unchanged 
these the whole caus of these consis therefore, leads us to De conclusion that the 
borate of ylantwpy by either not formed, or is uncahty, at temperatice, 


Is the of tre ahowe condécrations the relation of rhe compounisyV, VL ant Viltocarbank 
becomes clear. The first two compovmls, which belong to the Lalkyl series, are 
Som ether cr acetone solution with formation of stable carbonates, but the compound (VD, which ts,a1 acyl 
vauve of 24nethylam'nopyridine, acd the compound (VIL), do not form salts even at very low tc mperatures. 


The presence tn the molscute of of one of its derivatives, of an amicine grouping, is 
revealed by a mimber of which permita citar demaccation to be made between he Province of bases 
of this type and that of bexsof Hie bs well krow, for example, that stadie salts of 
2-am!ncpyzdine comain oe, ard pot two equtyalems of acid. The caus of 
to Mans is to be the effect due to the positive change on the attached to 


proton of the acid: this however, leaves oper the Gestion of which of the two atuns Of 
the 2-aminopyridine sygem Js the salir fonming center, On te Beals of a study of the absorption syeczra of a. 
number of pyridine and nicotine derivatives, we, with Setkeins, concluced thar the proton unites to the ring 
nitrogen atom (the comswound for which this was demonstiaiod was [3] From these and other 


results if be showa that Oe molecule of unites with a proton through the 
side-chain altrogen atom: 


NK HA = 


In view of these facts, 2 was considered whe of tmereat to caunine the behavior toward carbonic acid of a nuinber 

of mdstizuted who:e main function had been weakened by the of an electronegative 

tadica) into the amidive groups, Ore of the inesndess of Uits acetyi-l-methy)-2 2(1H)-pyt Montmine (Dd), 

is precipitated at low temperature fromm ether a: acetone in-the form of an oll, which gives up carban dtoatde at room 
temperature, Thua weakening of the havc properties due to incroduction of an acetyl group into the t-methyl 


pytidonin ine (Ia) molecule bs sulll Insiffic tem to deprive tt of the ability to be precipitated by carboule acid (tom 
an approxlnately solution in ether) a} 4 temperate clos to 


As we have already secn, 1 alky) idoatmines form by accepting a proton at the side-~chuln (not 
ting) nicogen atom, One of the causs of this phenomenon ts evidently that only this type of addition ensures the © 
formation of a coinpound having the enengtic ally favcrable benzcuotd bond system (see the above equation), It ts 
quite possthss thar this factor plays an paz also fn the of acids with Le., 
th's case also, the pouch hy the fors ational alld system, bs qultc cicar Cyl @ syscin 


ey 
— 


of Usa could be obtabied cunply by the a hycrogen fon at the oxygen atom of the l-alky-2(1H)- 


This view of the structure of salts of 1-substituted 2(1H)-pyridone [5] ts coafismed by the results of 
Specker ani Gawiosch [6] on the absorption specua of N- and Qaubsthuted 2(1H)-pytidone, It is of interest 
in thts coaneciion to note that the by hloride of Iixe 2(1H)-pyridone [8] shows 
& coloration with fenic chiorlde 


Ou the basis these coasiderations it wis considered destrabie to 
eee the con pounts to be sudied, Actuslly, the formation of a stable carbonate in th's case would serve 
asa fischer confirmation of the supresed structure of the salt, although, the carbonate were found to be 

wnsabdie, this would not, of cours, mean that the formula cited must be regarded as unsatisfactory, 


1-Methy!-2(1H)-pyridone has been desctibed as a strong base that absorbs carbon dioxide from the alr 
(7.$} Ocz observations (see the table) are no: in aceord with such a description of the compound: when | 2 
its in ether or ether~acetore mixture is saturated with carbon dioxide, no turbidity or precipliate is 
to be observed even when the uwraperature fs loweied to It fs still rot clear to us what conditions must 
be observed for the formation of a salt, as deserSed by Fischer and Chur [9] carbon dioxide ts 
through an ether solution of I-methyl2 (1H)j-pyridone, 


$ince the sa! e-forraing center of the 1H)-pyridonimine the atom,. 
it may be expected that the effect of an ary) radical (lowering of the stability of te carbonate) will be 
gccacer when i ts atrached to this nitrogen, and not to the ring nitrogen atom, For the ‘compounds that weie 
acce:dingsy examined, (XL) and | 
(XD. we could sot, however, find any notable differecce in their behavior towa:d carbonic acid, Inthis - 
connection it should be noted that the observation of the tence mey of 2¢1H)-pyridoniminey 
to Le preciphated is rendered diffteutt, in general, by the fact that their addition products with carboale acid. 
am precinitated very dowly and inthe form of oils An exception in this respect fis ~phenyl-2(1H)}- 
pyticoninine (XEJ, which forms a crystalline carbonate that only slowly loses carbon dioxide; the analytical 


Tesults for this com ound are not fully in accord with those calculated from the foamula, but the 
is small 


- 


A clearer picture of the etter of the aryl radical is to be observed tn we case of two other substituted 
14 -phe ny]-2(1H)-pyt‘donimine (XV) and N*-ben zyl-I-pre= tyl-2(1H)-pyridonimine 
(XVa). The second of these compounds {fs precipitated from ether solution by cazboatc acid in the form of an 
oly addition product already at room tempeaiue, wheres the first is preciplraied unchanged at low 
° 
“The effect of a second aryl tadical, not directly bound to the side<chain nitrogen of a ‘obadiat 
ine, on the of the salt may be exainined by a comparison of the secuits of experi-. 


ments on the action of carbonic acid on aad 
ine 


la conclusion, the authors consider ft necessary to emphasize that, since the stability of the caibonte: 
. acid acciiton products could be detersiined only appsoximately and the observaticn of the course of the pre- _ 
cipliation was dificult ina number of cases, the conclusions reached on the basis of the results presented can 


serve only asa general qualitative characterization of the behavor of substituted 


tomers of the serics toward carbonic 

tt hes dows that certain substinted 2(11)- pyitdontinines are at room tempera 
By cartonic acid froin thelr solutions ia ether ot acetone, 
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[1] Neundiirzer and M Chur, J. prakt, Chem, 89 [21 466 


2, it hasbeen shows that the addton prodvcts forined in this way between carbon‘e ac'd and the 


bases are sable at coum temperstue ard are the ca*bonates of the bsscs, 


3. Bass of the 2-amtropyridine series ace rot precipitated at room ltemperatire by ca:bonic acid 
from thelr solutions in ethez acetone, 


4, The tnueduciion of a phenyl or radical inte the grouping of 1-methy] ben- 


does not Jead to loss of the ability of the compound to prec!pitated catbonte 
acid, 
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THEORY OF TAUTOMERIC 


COMMUNICATION 3, THE QUESTION OF PSEUDOMTRISM, 
AND PROPERTIES OF DIALKYL THIOPHOSPHITES 


M. 1, Kabachaik and T. A. Msstrynkove 
One of ushas recently shows that tautomeste to the protatytlc actd-tan 
type. In equilibrium there are two ac‘ds, which both yive the same and solve oF tbe. pes 


the solution ts the cartier of the protow, The ta tomeric the of the loalzatan 
stants of the tautomeric forms the gtven solvent [1,2] 


In the problem of tautorer'sm the questicn of the effect of the postrtor and rate of estadl’shment of the 
equilibrium of great significance fore the course of resections, this respect particular intecest is pee 
sented by equilibrium mixtures for the pos'1ion of stengty diso'aced ore director; thee 
occu: when the forms diffe: greatly tn the’ ion:zation constants: the nos ef eq. fs displaced tn the 
direction of the Jess acidic aod the greate: the ¢ 
placement willl be, 


nce ia Llonizet’o* constatts, the greater the d‘s- 


We have investigated the chem‘ca: ;- of such @ tagtomer‘e fo: the of dtalky] thiophos- 
phite [dialkyl phesphonothionate (} ard cralkyl hydrogen phosphaottu:te 


RO 


4 


whici recently synthesied foor teraphesptons he plas fide Die try! 
*ulkyl “phosphises” (dialkyl phospho= aie = ard d: bydcoger TV}: 


4 RO” 


The qvestior of the tautome:ism of these and the': chermiri! pone:*'ss been sided by macy cher-- 
ists, pantculacly by A.E Arbuzov avd his st.de:ts [4]. The gere-al tat the eg.) +f 

the dialkyl phosph'tes 's coms'de:+bly d'splaced ‘n the of tie aAstre a‘ffe-erce i, aetets 
ert‘es between the tautomeric foars must be gre fo: the d'alky! th’ophosp es thar fo trety oxygens 
the equll:b lum must be sul) more displaced the decton of the fom 


We wished to find chem‘cal of thiopho tes 
of the part played in the react’o:: by we form >. We pesumed tha’, 43 U's fom wes the 
the equilibrium would be constantly seestabl shed, the whole tre yl ite had uwe:go-e the 
action character!stic for tte vias, the foic( )stocid he tac 
the addition of sulfur, cuprous hal‘des, alkyl halides. etc., is sc chs ects ‘se phospho-s cor~ 
pounds [5] and fs not tn ary way peculiar to phospnovus. Disipy! however, dd act 
any of these add‘t'on Of propertics that be ascctbe2 the of the 
we fourm oly one: the abil‘ty of d-ethyl th'ophoiphite form morta! the of 
which is genecally to be that of form cis (7), 


4 


Ii was found, however, he am salts d in behavior toward water to salts ofa 
relatively siteng acid, such as the form (71) would be to be: they were immedlately hydrolyzed 
by water, The results cbtatred ted us to the this gready displaced equilibriuin, such as 
the equllibriuny be, the chemfcal ofthe are almost completely suppressed, 
evidently owing w the low value of tis elicctive conceniation- This conclusion, however, was in conflict 
The concept of pseudomerian was inteduced sctence the of last following the 
work of Bayer on Isatin [6] reiated to the exhib'ted by substarce, such as fsatin, known tn 


only one form, but forming twe series of derivatives , cefiespond! ta struc ture 40 two possible tautomeric 
forms, 


Later, it had been confirrred that tautomer tin rothing more then equ!l ‘rium Isomerization = 
a phenomenon ducevered by Butlerov [7) long before the appearance of the tautomerism concept ~the term 
“pec udomeris:n began to be understood as relating ty vety mech dliplaced, but rapidly established, tautomeric 
equilldria, in which the concentration of one of the Tew be measured by any of the 
chemical or physical methods (“immeasurably low",  Vantchingly low”, etc,, concentrations), but, 
Owing to che high resctivity of this form ard the raptdily with which is establi.ed, this form 
eaters into particular chumical reactions and so formes Its @wn series of derivatives, 


This comept of pseudomer'an appears to have boon Introduced Know [8] was particularly 
systematically developed by Ingoid ard Thozpe [9} at It has received wide acceptance, It has even been 
sugsested that the position of the equ‘l:brizm AST may be “anywhere™ (10) and ft will still be 
teat tne conversion of A int tn of the pseudoimerte change 


‘Mt ts only necessary to assume suffictently high rates of ewversion,, 


From a certain time all cases in which a ssbstance ts tn fact known only in one forma sis forms two stiles 


of derivatives began w be explai-ed by the psevdoiret sift extreme point of view fs taken” in, for 
example, Baker's book *Taute smeiisn® Li} 


How erroneous this his been show’ by tecent tnvestigaiions by Lutsenko,. 
Sazonova, and others, Tuey have shown that two series of devivatives may be formed when tautomeric relationships 
are compictely_ absent, For example, a-mercurated aldehydes ketones havirg the keto structue 


(V1) (vl) 


which are not capable of revers‘dble convession tnto the mercury derivatives of the cormesponding erol (V0), 
are able, depending on the nature of the reagent, to give bot C- and Oderivastves, for example and 
112): 


“CHO 


Again, (cls-traris) magnestum Qithium, erolates of ketones (x ard XD are trcapable 


of reversible cunverston Into the corresponding organometallic keto forms (this froin the fact that bes 
ste rec Lomers dor Pot undergo under the conditions studied), 


C=C 


They are abie, however, to form O- and for in methoxymethylat! ‘on and XIV). 


R-CH=C 


the first of which preserves the snvebieniatie relationships, 


If the tovest'gat'o-s c'ted thee bad been 20 convincirg proof of the absence of tantomeric relat! 


the results obtained could have been read‘ly explaired in terms of the curcept of the of met) 
salts, in the sane way as Huckel, for example, has explained the C-alkylation of salts of keto erol composcds 


formation of two se-les of derivatives of tautomerism (19 this ard other cases) sovght 

the tendency bn. molecules conzainixg coniugsted bonds to undergo “transfer of-zeaction cente:” at the 

of reaction unde: the influeme of the attack reagent and under define conditiors the reaction medium 
OS,16,ard 17]; 


On the bas!s of these Invest!gations by Newneyarov and coworkess, it may be regarded as proved that 
there are at least two ways {9 which two series of derivatives (for example, keto and enol) msy be farmed 
first by revers'’ble w'th fozmat'on ef dezivatives fran the respective tascomecic 
sna (keto the bets forms, and enol the enol fosms); and second by direc: of 
Lom enol fo:ms (or fom enol cez'vazives fom pero fats, which res its fom 
“ye eed ing one clemercary act w'th of reaction 

speaking both mcthods of derivative formition are tastomece 
eq. 


% may be shows, however, that in stergly d'splaced (pse.domez! 
the fust ~via 


tc) ta. comeric 


™Decoimes very improbable, 


a between two forms A and B, fa the. 
dtection Of & let to give E': 


There are numerous realts show! g that tactomeric taasformatiors proceed formally, 
reactions cf order, As regards the reaction BY, this may be of a difie-emt Let us 
consider & system Of two reactions, of which the first Is of the {frst o-der ard is reve-stble, ard 
the second ts either: of the first-o: the onder, Letcg be the co-certation (total) 27d by 
the of the forms A 37d B [ag by = cg). c, a, b, and the covespond 
k; ard ky the rate co-stants of the forward and back reactions of the taztomecic 


change, #3 toe cate constant of the reaction B——> B’, kg the cate conssa 


of the bimoteculas 
vd tthe in’tal and current concenzations of the reagent R 


fos the of B, we nave: 


Ky 


We have the that and by.» 


A’ ue transformation proceeds mich more rap! pidly than A, Le. kg > ©: 

ag. she rate ‘of the whole process is limited by the transformation B, Hence the rate of 
at ary g'vea ino.nent will be to (or somewhat less than) the rate of formation of 
Equ‘i:s~ usr will then be unable to establish itself, since practically the wiole of the subs‘ance B fo-:med 
will do «u..kly converted Loto 8*. The whole of the conversion of A into B’ wil! then proceed asa jeaction 
of the first order with a constant Since the-efore and hene 


(or ky Ky). 


We ean reach the same on the bas!s of the full calculation for a zystemn of two s-ccossive 


peoacds. 
{Is ] However, these ace ro tautomeiic relationships heze, Acco:ding to Nesmeyanovy, the explanat’o~ of the 


clorsh'ps, 


x | € 
| 


Teactions of the cider, AS Catt ‘ed out by Puhovsky, [18] if we take. the fact that ky account*, 


B lf the teaction B* proceeds more slowly than A, then the actual concentration of B wiil 


w 1s value (if is equal, or almost equal, to its value when kg ts vezy small 
compared t we may therefore write: 


k é 
ky kg ky @ ke 


The of formation of B* when the reaction B B’ is a untmoleculas one Is thexefore: 


ky 
= 


oz when it ts bimolecular {8 


In either case the process will proceed more slowly thaa the unl- or bimolecular reaction B® would 
proceed for initial concentration Cg (and 4) and rate constants 


Whatever the values of the rate constant }', or kj may be, therefore, the rate of the whole process, 
preceeding by the pseuconicrie mechanism, ts limited, The reaction always proceeds more slowly thas, 
the direct tans{omation with initial concentration c, and corsams q = or q’= = 


Ih gules to estimate the possible reaction rates of reactions having the peeudomerle mechanism, it 
As necessary to tare into account that for peudomeric equilibrium the value of Ky 1s always very small, 
The constants many displ. -ed tautomerte equilibria have now been determired: ethyl 
Kr, 22- - 104 (Ky, 1,0 = 1675) acetore (Ky, = *) mir 
nitromethane (Ky, = +10" All these, although displaced, are true tautomeric equilibria, 
By pxudomeric equilibria something different ls understood, namely nose equilibria inwhich 
concenzaton of the fom B is so low that it Is quite possible to determine te equil Stium constant 
by modem chemical ard physical methods, The cons:ans of pxucomeric equilibria must In any case be 
not higher than and probably of the order of 102-10, The constant ky or ks must therefore be 107-10 


Th: diffecential equations for sich reactions (Mz My are: 


(Rakovsky" potstion), and they give on trcepetion rather complex expressions for Cxq and Cu which, 
however, can be considerably simplified when ky ? ky. For the concentration c 
thne the exact expression 


Me that fs of us 


for and ag =0 becomes 


inwhich 


The process therefore proveeds as a first order reaction with an init‘al concentration of a, and a rate constant of q. 


From the exrex:en for It will be scen that Ca ky te alwaystre, follows that and since 
ky Zk, we have finally that q, 


*For example, when. = 10% and ky = 1 1 a< 10 when the half period of the reaction ts found 
tober 20,000 years, Even when = 104 


than the pseudomctic reaction unce: exainination, Inthe same way, 


jay, the corsrant kg must be 107=16" times 
as great as 


The reactions to which the corcep: af pscudomerism {is applied are not, however, slow réactions. All of 


them, on the contrary, are ordinary synthetic organic reactions, proceeding at the moderate speeds thai ave 
“generally to be observed tn lab«-ratories, | 


‘The numerical values of the unimolecular constants for these reactions 
Me in the range froin 10 10-10" sec™*, In this case the constants ky and ky must have values of 
*he order of greater than probably than 10-102 For the bimolecular constant 


ucs 
of the order of 10'*—10" Liter mole"? sec™! and higher niust also be assumed, 


Rate constants of such an order ace not, however, found for organic nwiecules, Even tf such large values 
may be assumed for kg (the process B——> A, for example, may be the fom!zat!on of the cao). forin ara the 
subsequent recombination of tons to give the keto form), it is impossible to do co for by or ky It is well kaown 

that only fons of radicals (or 3:0ms) are able to react with constants of the order of 10°°—10% Inter mote”? 
at moderate tempcratures (which correspond to a pseudounlmolecular constant of the orders of froin 10°—30° to 
10% 107% sec"!, deperding on the concentration of the reagent present in excess (from 107* to 10 moses per 


Urer"4, The constants of the reactious ef organic molecules are lower by many ofders—all the more so for more 
complex molec ules. 


We therefore co:ne to the conclus'on that, if it ts considered that the reaction prnceeds by a pweucomerie 
mechanism, then it ls necessary to assume high values for the constant kg or kj eatst for 


molecules, Lf, however, we that the constant ky or ky has a possible (Le. consizctably lower) value, 
then it will be ready sen that pseudomerie reactions to proceed except slowly, which in fact 
they do rot 


We have earied out the calculation for the limiting case, when the equil: 


ihrlum constant fs the 
ord-r of 10° 


Experiment, however, shows that also for consierably higher equiiihrium constants, 
of the order of 10 for example, the reaction doc: not proceed by the pseudomeric mechanism, We 


may take as an example the bromization of cce*one or nitromethane, which procetds rot via the erol (act) 
form, as was at one time thought, but as a reszlt of the direct lonization of the keto (aitro) form, 


We do not exclude, of ce urse, the possibility of reaction with imermediste reversible formation of tons 
or radicals, the concentration ¢. which may be very low, but which are capable of rapid reaction, In this 
case, howcves, we are rot concerned with the question of pscudomeric equilibtlum (of two Lomeric o:gante 
molecules), but with the equilibrium of dissociation Into fons or radicals. There is no question of peudomerism 
here. 


No place remains, there fore, for the concept. Introdacc. a. end of last century, 
when the technique available for the measureiment of strongly dispiaced equilibria was still very poor and the 
information on the telative rates of chemical reactions was still very tr has pers‘sted as an anachroa!s 


to the presert day, thus g-eatly inte-fering w'th the development of conce pts correrring the reactivity of 
tautomeric substances, 


In the treatment of the mechanism of the formatior of two series of derivatives by a substance that shows 
no signs of tautoinerism, it ts essential to abandon the concept of peudemecic equil'h-!3 displaced to an 


immeasurably smal) extent as the cause of dua} reactivity, If an equilibrium actually exists and fs srongly 


displaced, for example, toward A, then it may be asswned, with confidence, that the derivative B’ is for:ned 
not via B, but divectly fom A without the participation of B, 


In the literature various suggestions have been made regarding the possible mechanism of the formation 


of the derlyative B’ directly from A without preliminary tautomerization, The old views of Michael [23) were 


based in such cases on the assumption that a molecule of the reagent (or its element:) adds to A and then splits 
away again in another ordes with formation of 


Huche’ criuicized this concept ‘Speculative hypotheses 


Le, for an unusually high rate constant, years, 


Umes as great as the value of q, th tate constant of the unimolecular reaction, which must proceed more rapidly 


: 
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In this theory the basis of the explanation of the properties of substances {3 provided hy a fale idealistic 

_ concept ofa multiplicizy of molecular structures, each of which {s only an imaginary form, but which, when vken 
together, determine, as a result uf “sesonance” “spperposition”, “excitat jon"), the structure and properties of the 
molecule, In spite of the fact thet these do not give a re wesentation of the real bonds in the 
molccule and have 2 speculative character, material reality has been ascribed to them: they "interact", and 
to this inwersctioa the meaning of an objectively existing poenomennn “electronic resonance” is given; they 

“participate in chemical reactions: they have “weight and enezgy of “fonnation”; they are assiga 4 definite 
chemical sroperties: and 90 on, The real molecule and its actus) structure are replaced by fictictous conte pts, 
and A. M Butkioy' teory ef trrufture fs replaced by a perverted theory. 


The methodoieg'cal trvalidity and the physical of the “theory of resaaznce or 

were expord 8 of an press acd a2 the Conference on the Theary 

‘of Chemis] Qractce ef Bre 1-44, 1951 [25] Onc of the of the present paper, Kabachinik, has ia 

the past exzcunded the “theory of :e scarce o7 cfsomerisin® in an wacritical fashion and has applied it for 

the explasatica of the coures @f chemical reactions: ina paper published tn of Chemistry” in 1848 

(26), for the explanation of eslentation In the benzene ring: ard lectures gives as an urtergraduase on 1847, 
subsequent work over pesiod of two years on the criticism of the “theery of resonance or mesomerism”® 

in counection wish the composition of an article by eight authors in °Progress of Chemisty® [27} and of a 


Tepost to the Oiviston of Chemical Sc!ences Comminee [8] led the auhor to an appreciation of the highly 
astuwe of the “theory of or of the completely Ulcsory character of the. 
expianations based on this theary, and of the tavalidity of the above-me-tioned paper in “Progress of 
Cremsry" and of the Deatmert given of the pherumenoa of orleztation fn the benzene ring 


The explanations given on the bac's of the “theory of resonance" of the f[o=~ation of two series of 
derivatives fom tatomeric acd substances, are tantamourmt to the “discovery" of “resonsnce 
sesponsble fora given series of dertvarives, ts cleay that such explazavons Bre invalid, 


The avtbers consiter that the actsa) cf the of two seztes of derivatives in absence 
of Ge of wey smorgly displaced wutomeric is to be sought fn the 
concep by af and Of The fleld rseviowly 
t peudomerion acta) fact the field of reactions that oceur with tansfer of reaction center, 

The ta developed sbave ace confimed by the properties of the thiophosphites (1 and I), 
They. are coloziess liguids of characteristic odor, They diuolve argan'c slvetts and inaqueous 
Alcohol, forming neutral but they ace insoluble in waterand in acceovs caustic alkall, They 
hydrolyzed by and sikalis with quantitative formation of phosphorous acta, They ace oxidized by 
aisic acid, the teactios beicg very 


When thicr 


are meated with the conumed, 


bat tt that the products we rat the of (<3), bat sodium fared by the 
of ane OR groups 


The pf alzalt then dows aad to an extent that distky) inay be 
accicately, though slowly, wih alkall These phenomena are similar 0 those cbsewed hy Nylen 

Cepbyl phosphite, the we base fsolated (XV) anf 
in the pure cate ang analyzed Mem xcid (RO(UO)PSH, By of lutte 


The conclusion dialkyl. lophosphites have the structure ts by the of detcrmina~ 
tion of the. molecular tstactions of these coimpands {3}, zs will be sen from Table 1. 


TABLE 1 


Confirmation of the. formula (1) can be seen also in 
the inability that we have found in diethyl thiophosphite — 
to unite with sulfur, cuprous halides, and alky] halides, 


Molecular Re fractions of Dialkyl Thiophosphites 


Diethy} thicphosphite Ls teadily chiorinated in the cold 
- Formula [Found Calc, Cale. with evolution of hydrogen chloride and formation of 
MRp | for for 


diethyl 


(CHO), PSH 
(C,11,0), PSH 
(10 
PSH 1.4 


analysis and constants of the product (XVI1), which 
are identical with thox given the Iuecance [30} 
leave no doubt concernt ing its struc tute, 


Diethy] thiophesphite, like diethyl phosphite, 
PY 4.21, $= 9,10. : forms a sodiusn derivative: by the action of sodium 
oo pill 1,03; on a benzene solution of diethyl thiophosphite (with 
evo,ution of hydrogen) or by che action of sodium 

ethoxide on diterhyl thiophosph:ze in benzene or 
alcobol nedlum, 


The sod‘um derivative of diethyl] thiophosphite, unlike free dicthy] thiophosphite, vlcorously. unites with 


suifuc at toon temperatuce with formation of sodium O,Odicthyl This property of the 
_ sodium derivative indicates the presence in its molecule of tervalent. 


phosphorus and therefore a 
corespor.ding to the fonnula (V). The reaction with sulfur may accordingly be expressed by the equation: 


From the sodtum O,Odieshy! phospho: othtolothionate obtained (xvi) we have the lead 


H,O},PSS} m.p, 15-76%, In admixnne with autheatic b1s(0, Odilethyl 
showed no depressina of melting poiut, 


The sodium derivative of dietnyl thiophocphite reacts in benzene or alcoho! medium with alkyl 
halides, forining the corresponding esters of alkylphosphoncthionlc acids «Le, not S- but P derivatives) 


(XX) 


The alkylphosphorothtonte esters. obtained (XIX and XX1), ‘on in sealed tubes with dies 


chloric acid, give ethyl chiotide and hydrogen sulfide and are into the known 


4 


4 
4] 48.26 
3 $7.50 
| 
| 
| 
: 
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Dieth yl since 't ceatains a P= bond, should be capable of undergoing 
Pishehinuka’s rearrangement [33] Actualiy, when cigthy! ethyl phosphowothionate (X1X) ts heated with ethy! 


lodide, an isomeric cogipound, of higher boiling point, specific gravity, and teftactive index, ls formed. This 
change in const3 ets is quits chataceeristic fas ®shchunuka“s rearrange mont: 


(XXN) 
On the bes!s cf che actiass of d:alky! thooyhosphites that wo Lave studied: may be regarded as 
established chiar they have the (1), Eqeally, we may cousde the (V) wo be 
far the sodium derivative of diethyl phosphite, Firally, there can be no deubt thar the products of alkylation 
with alvyl halides have the suctwes (XiX-XX}Q, Le. are esters of containing a quingue- 
valent phosphorus atom. The fact that the [ose dialkyl have the sweture (1) and are 
in dLute aquoous alkalis, but iu roragueaus media with alkoxdes foun metal derivatives that ae 
tesduly hydrolyzed by water, ediy udicates the pzesence of tautomerism te 
being displaced tn the directon of the not exist, then the hydzoiysis ia aqatous 
solution of the salts of the acid (11), which should be a falrly strong actd (in any case, not weekes thas the 
thiois’), would eceur only an insigniiantexer, the there exists an 
between two acids, cnt of which ts a very wesk acid, ther ft is easy to show that the hydrolysis of 2 salt 
- Of sucha pair of acids will proceed as if tz wore the hydrolysis of the salt of the weaker acid.© 


The fact thar fee dtalyyl thiophoshites did rot exter into addition reactions (wth sulfz, exzmpile) 


we explain dy the low eflecuse of the form tervalent phosphorus (11) (hence extreme 
+ slowness of seactinn), 


may be =:pposed that ef fom (1) proceeds wth tanstes of 


Transfer of reactioa cence: evident!y ocews also in the alzylation with alkyl halides of the 
Cerivative of dualkyl trespective of whether this reacts as an undissoclated molecules 


4° 


The hydrolysis concant for the salt of an equilbbricm pals of acids (1) and (11): 


may be expressed in terns of tbe fonization casstants of the ‘toons Kj and Ku 
Kw (Kj + 
Ky is the tonic potent, in comparison with KY, be replaced th 
Rumezator, and we 


Kpyar, * 


sts; salt of tautomeric as ths hycolyals of a salt of the less acidic 
mn. 


‘ 
- ; 
: 


4. 


RO. s 

RO R'L RO R 


All the properties found for dtalky] thiophosph tes may therefore be explacred without the introduction of 
unfounded concepts of prcudomer‘sm or of rew ance (mewme:ism). 


EXPERIMENTAL 
Hydrolysts of Dialky!l *Thio hosphites® 


1) A weighed amount of the substance was dissolved in squeous (1:3) and tivated with 0. 1s 
NaOH wtti.phenclphthalein as indicator, The di:sppearance of the pink colo: a: fist factiv rapid, bet became 
slower and slower, so that toward the end of the titation $-8 minutes were teq-ced for the dLappeararce of the 
color due to 2-3 d-ops of alkali, Ditwpropyl rhlwphosphite was hydrolysed excepttonaliy The sexults ace 
given in Tabie 2, 
TABLE 2 2) Diethyl pare (0.9417 g) was dissolved 

fn aqueous 22; m! and slowly usa: until 
3 
4. ed wis ml to 
equivaient of 154.2, the calculated valce 
127.3; 127.5 126 being 154). An immecisate sddizion of 61.08 ml 
PSH 153.0; 153.4 14 - 
of 0.1 N HCI (factor, 1.605) was mode, ard &t was 

(C, HO}, PSH 184.2; 184.0 182 
| 210.9; 2103 210 found that the tices of the souition did not change 
the couzse of cne month, 


es 


Fonnula t Cale ciated 


Pre pazarion of Ethyl 

(1.54 g) was dissolved in alcohol (3 m!) and water (2 mi), ant the solution was mixed with a sl.cfon of NaOH 
(0.40¢)'n water (3 ml), The alkaline reaction graduaily The solvent was evaporated overt 


Oxide in 2 desiccator, and the salt that temalnce was washed witb ether and dsied, yielding very hygroscopic 
coloriess leaves, 


: Found %: P 20.78; 20.63 : 
C,H O,PSNs. Calculated P 20.95 


Preparation of Sodium Butyl Thiophosphite Phosshonozhtonate) (XV. This was pepaed in a similar 


way from 6.3 g of dibutyl thtophe:phite and 1.20 g of NaOH, The yteld sodium thiophosphite was Sg - 
soft scales). 


Fond 
Calculated %: P 17.61 


Action of Sulfur on Diethyl Thiophosphite 


A mixture of 15,4 g of diethyl thiopho:phite and 3.2 ¢ ‘of sulfur was besred {n a water bath for five hows, 


cooled, and [Uterted to remove excess of sulfur (3 g). The substance was vacuum-distilled, had mn 


-, and 1.4586; pure PSH has b.p, 67.5-68.5°/ 12 mm and "jy 1.4507, 
Preparation of Dietby} Phosphorochloridothiona ate 


Dry chlorine was paned into dic thy! thlophosphite (11.6 g) cooled to -20* until the wetght had tre 
by 5. 4g; hydrogen chloride was evolved, The chiozlastion product was vacuuin-factionsted twice .. The fracttors 
obtalicd at 12 min wese:* Fraction I, b.p, 57-31°, 2.8 g; Fraction b.p, 6! 


Found %: Cl 18.57, 18.25; § 16.743 16.53: P 16.40, 16.51 
Cale slated 18.83; 16.03, P 16.45 
| 
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“Reaction of Sodtum O, O-Siethyt Phosphorothiite with Sulfur 


b.p. 62-£2.5, 13.7 (5U%): 1.0932; 1.45 


_ dryness, and the residue crystallized out when allowed to stand over phosphoric oxide 


Crystals were furmned in the tube, The U uid was er fro.n the ctyatats was * 


For Fletcher coworkers 15) give bp 297 and mm, Less. A preparation ob- 


tained dy us exactly according to Fle in tiuctions had b.p. %.5-91. mn, 1. 1829; Np 


Preparation of Sodium O,0O-Diethy) Phosphorothtite (Vv) 


The sodium derivative of dicthy! thiopho:phite was prepared by the action of finely divided ‘sodium on 

diethyl thiophosphite in a medium of benzene, There was an abundant liberation of hydrogen, and the sodium 
derivative separated asa voluminous finely crystalline colorless precipitate, The following method of preparation 
was found to be preferable: sodium cthoxide was prepared in benzene mediuin from finely divided sodium and an 

equivalent amount of alcohol, and the calculated amount of diethyl thiophosphite was then added, Finally, it 


is postibie to add diethyl thiophosphite to an aicoholic solution of sodium ethexite, but the socium O, nee 
phosphorowhilte thea remains tn solution, 


The silver derivative of diethy! thiophosphite was prepared by addition of an equivalent saiiin of F 
Aqueous silver nitrate solution ard several drops of amimonia to an alcoholie solution of diethy] thiophosphite; 


it formed a white precipitate that rapidly darkened in color, 2 in benzene with fosmation of 


The sodium dezivative was prepared in benzene (12 ml) fom diethyl thiophosphite (4.62 g) and sodium 

(0.69 After a hesuing and thea cooling, Mowers of sulfur (0.96 were added, The lisuid was heated 

at the bow, ard the sulfur diswlved, After one hour the sme} amount of precip:tate was filtered off and the : 
sudstatcs was éxzacted from solution with water, To the aqueous extract a saturated solution of basle lead 

acetate was added, A colorless lead salt (6.9 mip. 74-T5.£°, was obtained. The zectyzallized product 
(6.1 §. fom alcohol) melted at 75-76% in admixture with authentic lead salt melted at 
14,.5-75.5 


Prepazztion of Esters of Alkyl pho:phonozhionic Acids 


Keaction of Sodtum 0.0-Diethvl Prosp 


horoth!ite with Ethyl Iodide, Ethy] fodide 22.8 g) was added slowly 
to the sodium deri 


vativé pepared from ¢: jethyl thiophosphite (23.1 g) and sodium (3.44 ¢) in a benzene medium. 
The mixture was set aside until it ceased to have an alkaline reaction (four cays). The precipitate of sodium 
tod:de wis washed out with water, and the benzene solution was diced over sodium sulfate. After three vacuum 
fractonations, the {ellowing ons ere obtzined at 13.5 mm: Fracticn L b. 2.3 g; Fraction 


Found %: C 39,66; 39,68; H 8.17; 8.13 
CyH,30,SP, Calculared 39,56; H8.24 


Diethyl ethyl pho sphonothionate (XIX) is a cojorless Hquid, soluble organic solvents ail in 
water, I is very difficult to hydrolyze; it does not contain pill 


Reaction of Sodium OO Diethy! Pho:phorothiste with Ethyl Chloride, This was performed as in the 
preceding ex experiment, The product fom 11.6 ¢ of diethyl thiophosphite, 4.72 g of sodium, and excess of 
ethyl chloride was 6.1 ¢ (46.5%) of a substance of b.p, 90-93,5°/19 mm, np 1.4545; 2.0324 


Hy¢zolysis of Diethyl Ethylphosphonothionate, The substance (XLX) (4 g) was heated with double | its 


volume of hyd:ochloric acid (1:1) tn a scaled tube for three hours at 145-155°, Whea the tube was opened, 
the presence of a small picssure of ethy! chloride was revealed, The aqueous soluifon was evaporated to _ 


. The crystals were . 
pressed ont ona plate and recrystallized from water (by evaporation of the solvent);"m.p, 57-58°, 


Found P27.82;27.82 + 
Calculated %: 28.18 


For ethyl phosphonic acid the literature gives m.p. 60,5-61.5° (31} acid that we 
by the reaction of Michaelis and Becker meited at 60°, and a mixture of the two preparations at 58-59°, 


Preperation of Die thy! (XXIV), Diethyl (X1X) (4 ¢) 
heated ina sealed ‘tube with an €qu3l volune of ethyl lodide at 140-150° for Usee hours. A large amount of 


twice, yielding 1.3 g of dicthy} ethylphospionothtwiate, b.p. 7 


4 mn, & 1.070%; n’} 1.4730,. 


ln 
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Found C 39.93; 40.08; 8.25; 7.98; P17.15; 16.97 
Cetin OS? Calculates 11 $24; 


Preparation of Diethyl Rerzylphasp) onoth!onate To «dium O, othiite in 


benzene froin 7, 7 g of d'rthy d' ethyl thiophosphite ard 1,15 g of sodium, benzyl chlocide (6.82 g) was added, Vigo-ous 


feacvion accoinpauled by boiling set in, After two days a test of the reaction mixture showed it to be neutral, 


avd the benzene solution was washed with water, dried over sodium sulfate, and vacuum-factionated, The 
fraction (5.3 g) of b.p, 124-125°/3,5 mm was separated; it had 1.1022; 1. 


Found %: P 12.85; 12.62 
CiHy-O,PS, Calculated P 12.70 


The substarce was a colorless Uguid, insoluble in water, After hyd: St gare Po reaction fo: P 


Prepa-atio: ation of Diethy] ate (XX*), D'ethyl ethoryes: bonylmeshyl- 
phosphonothionate was 38 prepared in a similar way from 11.6 of diethy! thicphosphite, 1.72 g of sod'um, ard 


.2 g of chloroacetic Two disiliations ylelded 13,0 g (72.2%) of substance having b.p, 105-106°/5 mm, 


Found Se: C 40.47; 40.43; H 7.05; 6.96, P 12.69; 12.87. 


‘Diethyl ethoxycarhonylmethy] phosphonothtouate fs a colorless Uquid, water, ts difficult 
to hydrolyze, and after hyd-olysts iz gives no reaction for pic, 


Hydrolys's cf Dieshyl The este: e g) was heated ina 
sealed tube with HCl (1:1) at 130° for threes hours, There was a pressuce in the tobe when it was opened, The 


_©onterts were evaporated on a water bath and were evaporated down several times with water in order to remove 


HCl, The residue out on standing, The point was for 


- acid the literature gives 139.5° 4). 


SUMMARY 


“1, The question of pseudomertom has heen exam!ze 


demands the assumption of abnormal rates of reactwn for o-ganic ‘The corcept of pseudomre-ism is 
invalid, ; 


2, has beca that the reactions previously to the field of psecdomesisin eed in fact 


with uansfer d reaction center in the manner indicated by Netmeyanov, without pelniinary tavtome: ic change, 


3, The paper *Ortertation tn the Ferzene Ring™, published in “Progress of Chem‘sty" by one of the. 
authors, Kabachztk, was unsound, The autho- then adopted the “theory of resonate o: mesorrerism”® an 
uncritics) fashion, expounded and applied it in the explanation of chem'cal reactions, The aut*o- ts "ow 
tho-oughly convinced of the methodolog'cal unsoundress and physical invalidity of the “theory of -wso-ance 


or mesomer'sm® and regards all explanations of chemical phenomena made on the basis of this “theory® as 
Ulusory. 


4, The properties of dialkyl thipphosphites have been invesigated, has been shown the stractue 
of the free dtalkyl th'ophosphites corresponds to the pkosphonothisnate fo-mula, in which the phosphors atom 


ts quinquevalem, The tautomeric equiltbrium of dlalky) in solution Is very strongly d'splac ed 
in the directivua of the quing.cvalent form, 


5, B has been shown that dtalkyl thiophosphites are able to forn dex ivatives corsataing tervalent 
photphacus (poosphorothi‘tes), Alkylation of these yields esters of alkylphosphonothion‘c acids, 


6, B has been suggested that the formation of the sodium derivatives of dialkyl ard Get: 
slkylation oceed with tansfer of reaction center in the manner Indicated by Neameyanov. 
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RAMAN SPECTRA OF TWO S:LAHYDROCARSCNS 


- 


M. V. Voikeashte‘n and E. Pokrovsky 


We have determ'‘acd the speccsa of ethyl (2-4re propery) ard As 
these specta have rot been Pub’ ‘shed pev.ously we g’ve here the results we have obtained, 

meteylp yyw ECA, hes dip, 188.5°/750 mm: 1. 505. 
0.7994, “ts spectum follow: Ae es Wis.ally deg:ce of ble: 
in parentheses): 142(1), 29-41), 424(1), 490(2). $61(4), E30(1), $64(3), 1023(0); 16520), 1107(6), 1227(3; 


1172(2), 1228(2), 1297(2}, 1371{0;, 1491), 1452), 1633), 2783(10), 2880(3), 2512), 30311}. 
3130(4). 


Frequencies in the range 2783 S120 valency vibrations of C--H bor ds; im 1371-1459, 
to deformat'on of HO 4; 1630 co-esperds vile-zy of C==C; and 
900-1100 co-:espond to vilercy v ef c bo-ds 


Terameihyls‘sre has the feq.c-c’es: 202,20: 23515). 59 


38(20: 8616), 1264105. 
1427(15). 2505(16), 2503(10) [1] Tet-sethylstlane has the 160(4), 303(6), 393 (2). 
553(10), 625 (3), 736(3). 65(1), 9785), 1021455 12 14237), 1467 (8) 2734(1), 2813(3), 
2912(6), 2950(5) [2}. 
Compa-' 


of the stows that feq 142{15 ard 2941) to defo ims’ 
Of and the Leq-esy 561(4) ta tre symmerisal atics of tre goup 


tse C A= the 122.57 145 mm, 1.4662: 3," 0.6055, 


The spectra the fo"low'rg Lees: 465;3,. 5505). 92%). 1116{1). 1153(40). 
1190(3), 1234(2), 120648), 16278, 2117, 3), 2601.25. 2900(2). 2972(1), 29973), (2. 
The C-#, HCH, C=C, avd C-C es Ve che same The frequency 
to a valency stan OF The feq ercy 2117(3) ts the 
of the S-H bord em *, ard TiS 3257 cm 


The substances by Moorsy & A, D, Pevov's libo: We ae =sebea 
to A. D. Petcow fo: pevid'rg trew s_bsia cen 
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CHRONICLE 


SCIENTIFIC AND TECHNICAL SESSION ON ION EXCHANGE 


G6 
meeting was called jointly by the High parameter Sicsin Committee of the Evergetics Institute of the 
USSR Academy of Scierces, by the Insi!tute of Paysical Chem'!stry of the USSR Acidenty of Setences, and by the 
Institute of Macromole« ulas Compounds of the USS2 Academy of Sclernces, Aciive we work ef the Session 
was taken by of the USSR Academy of Sciences (Institutes of Physi. Cremisty of Macromolecular 
Compounds, ard V. Verradsky Inaitue of Geochem!stry acd Ara)yticai Chemiacy), the lastinte of 
Chemistry of Uk:SSR Acséemy of Sciences, spectalist Itstitutes (LL Ya, Karpov of Physical Che:niztry, 

_All-union Thermotechnical Institute, Pure Chemical Reagents, Central Institute of the Suga: 
All<union Research Insz!tute of the Hydrolysis Industry, Institute of the Nickel and Tin Industry, Lening 
Medical and Pediatric Institute, OTB), ard bicher education estadlishmerts (A, A. Zhdarov Leningrad Sute 
University, Kha:kow Stats D, L Merdeleev Moxow Ivstitute of Chemical Techrology, Tiniyscev 
Agz‘culturai Academy, Mor.ow institute of Chemical Pharmaceutics). main questions were discussed at 
the Sessien: 28) the theory of lon excha ce; b) the sytthes!s of lom-exchange materials: ¢) the investigation and 
of tome xchange matertals; and ¢) the application of materials. About fony Pipers were read 
at he 
in his intred-ctos, add-ess the chairman of the orgazizing corrmittee, Prof. K. B. Chmutov, Doc, Chem, 
Sel, on the implementatios of the taken at the confecence oa chromatography in - 
2 brief of the state of scleniifice knowlec;* on the malin questions the program of the Seton, 
and pointed owt the most unportart trems,-which woild requite crtatied examination. The speaker emphasized 
that the whole pog-am of the Session was estes by cheomatsg-aphy, the method developed by 
the remartkabie Riss’an Tevet and spplied one formn or another all the scteni! fc etabitshments 
of the count-y. Chmutsv e:rphssized also rhat all the quest'ons to be discussed at the Sess‘on the 
further successful developme-a of outsta~ding work by the Russian sclenzistis K. Gedrolts, 


A. sntov, 
EN. Gapon, and Evea a be lef exposition of the cuntents of each of the papess 


would require much spece, We shall therefore examice only the more Lioportant results on the funzamental 
questions discussed at the Session 


&) Theory of Yon Exchavge. The collow!ng pape-s were prése ted in this part of the Session: 
Saldadze, Cand. Tech. Sc. (iREA) “Quartutct! 


ve Laws deternrining the lon exchange Process"; Vi V, Rachirsky, 
Cand, Phys. Math Sc“, (Tum‘ryazev Ag-ic. Acad.) “Rexnt State of lor exchange Ch-omatogephy"s NN 
Tunttsky, Doc. Chem. Sci, (LL. Ya. Ka:pov Inctitute) * Theory of the Elution of Ch-omatog-aph'c Rards*; 

A. T. Davydov, Cand. Chem, Sct., (Khahow S:ate Univ.) “Laws of lon Exchange on Sovier produced lomizes"3 
M. Ya, Somankevich, Card: Tech, Sct, (rst Og. Chem, Acad, Ukr SSR) “Diffusion Processes in ion 
Excharge™, The reported at the Session showed that ton exchange on organic ton exchange 
Materials ls a heterogeneous chem‘cal reaction that may be desc:ibed by the mass action law, At the same 

thme ft is necessary to remember that, in add:t'on tw the lon exchange reac tion, s‘de reactions, such as 

hyd-olyss, complex fo-mation, seduction, ox'dation, | may occur cat'ovtes a-d antorttes, The 

process of lon excharze unde: static conditons ts rrost fully described by the equations poposed by B. P. 

Nikolsky ard Gapoa, Prof, O. L Ryabchikov and M. M. Senyavina, Cand. Chem: 


Set, (GEOKhL Acad, 
Sel USSR) criticized work by Ainezican authors on the mecharism of fon-excharge chromatography in whica 


complex formets are used, and they reported the results of experLmental investigations on the esabl!shment 


of the natwe of the coinplex compounds and of the relationship between the efficiency of the ne 
and the pH of the medium and the conceat:ation of complex-former, 


From the discussion of matezial on the kinetics of ton-exchange processes if was to 


that the kinetics are cf a d‘f{ision character, Much ‘nierest was around by the paper of M, Ya, Romansevich 
on & new inethod of measuring diffiston cocff[ lerts in an fon exchange materia, 


Ir this method dtffuston 


processes sre studicd plates of the con-excharge material, Diffusion cocffie tents deterin'ned by this 
method are of the same order as those found by the dynam's method (sce Prof, KN. Tunctsxy's paper), In 


A Scientific and Technical Session on Ion Exchange was held in Moxcow from 3:d to 61h of June, 1952; the 


| | 


acum: pe en wh: ch illustrated qualitatively the direct relation of the swelling 


propensity of catlomtres te the Kinetle process of ion exchange, 


The Session found that in the dynaroics of fon canes there was at present no theury covering the 
whole compiex of questions trvelred, Two approaches to the solution of this problem were noted. V. V. 


Rachinsky, Cand, Phya Math. bel., (Tuntryazey Agric. Acad.) together with T. B, Gapon, Cand, Chein, 


(ast. Phys. Chem.) ace warkirg slong the lines developed by Prof. N, Gapon: 
are Ceated on the bisis of the Lows af statics, kinetic factors being considered to play a secondary part 
Prof, N. N. Tunttsky and Cherteva, Cand, Chem. Sci,, Ya, Karpov Institute), in developing 
the dynamics of ton exchange, tahe the kinetics of the proce ss into account; they teat the dynamics 
of tn geaczal do not particularize the theory for the cf lon exchange, 

Dd) Sythes:s of “or exchange} 

ness to we ha: d, fat wap of Soviet workers on the synthesis of high quality jon-exchange materials, Ia 

Pacticulat, panc:s were read at the seesion by of the Institute of Mactomolecular Compounds of 
the USSR Academy of S‘eaces, the State Inst, of Applied Chem., the OTB, the Mendeleev Moscow Lut. of 

‘Chem. Tech, Departments of Muctomolecula: Compounds and of Mast'cs Technology), acd the Frunze Plastics 
Reseacch “rstitute. The Season notes that owing to the efforts of a coicide able number of crganizations the 

quesz’on of the ty:thes’s of heme produced high quabty cationies and antoniies must be regarded as wlved; 

nevertheles, commesc ‘al production of he beards synthesized by the Institutes is somewhat behind achédule 
tn a numbe: of insteaces, The Seu'or noted also the need for organizing the sale of lon-exchange materials 
required for chem:cal aralys’s ts packages (ia the as chemical reagents). 


at the rh AL Cand, Chem, Sci, (GEOKh)) Sindy 
of Certain lon-eucha ge 
Sate Characteristics of lanttes*; T. B. Gapon, Cand, C.cm, ScL, (Inst 
Phys. Chem) Fhys.coch=:m ical Properties of fon-cxchsng Resins View to Their 
Grading Clagifcation’; Ref A, A, Vansitweids, AL AL Vasilyev, Cand, Toch, Sch, aid O, L Oxtrimenko, 
Cs~d. Tech Set, (inst, Comp.) *Titiretric Method for the Quanutative Determination of Suifo 
Cadoryi ‘2 Catwrtes*, In these papers the exchange capacity of fonites received the fullest 
characterisation, and én the choice of indexes the speakers based tieu considerations on the fendamentl 
postulates of the theory of ton exchange. L was chown that it is decisadle to determine the exchange 
Capacity (oy the method of porestiometric tration of weighed portions) ard the exchange capa: ity uuder 
the {oe index Capresses the total exchange capacity under static coudttipne jor all 
valics of the pH of the medhun, and the second permits us tuesimate the xiective action of the sample under 
igation and to establish the kinetic of the lon-exchange material» Detailed study of a large 
numbe: of Sovier [>-e'ga loneacharge materials shows that a nu:nber of Soviet eationites ard anioniies 


are superior in quality. to the bes foreig’i samples, The session gave great atiention te the question of a single 
standard procedure for the texizg of ionexchange materials: one which would permit a suffictently complete 
characterzzation of indust:!al catiottes and anionites by tne aid of comparatively few determinations and 


would enable comparative esaldations of samples to bz made, Owing to the great variety of the demands 
mace on ion-exchange materials by different usets, Session recomended all organizations using loniies 
to‘let the Chromatography Committee know their specific requirer-ents in order to provide a the 
coordination of work on the establishment of a single standard method of test, 


The question of the tnvgatigation of lon-exchange materials was considered byF F. G. Prokhorov, Cand, | 
Tech. Chem., All uncon Thermptechnical Institute, in this paper on “bonite Materials and the Problem af 
Chemical Desalting of Natura) Waters and Comwensaics” and by O, N, Grigorov, Cand, Chem, Sci, and F 
L Volf in-thetr pape; on loa-exchange Adsorbents from Hulnic Substances*, ‘Prokhorov geve 
some very imeresting da'zoy Le faging* of anionitcs when prese-ved or used for a long thmne; as Prokhorov's 
work shows, “agirg” of aitos.tes occurs asa result of their oxida-'on, which canses amploteric poopertics to 


appear and legds to sn apyrectable reduction in exch ue capacity, 


Applic atic on of Matertals, A fair number of Piper: was to this We will 
the followirg: S. M. Chestobioy, Cand, Tech, (Institute of the Industry) "Exchage of 
Nickel ions on Cationites"s A. B. Davanhov (Lecturer, Moscow List. Chem, Tech.) "Extraction of Phenol from 
Solutions by Avion'te Resins®; Nof, AL Sheinyskin (Pharmaceutical Institute) of Soviet Jonite 
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: the dynamics of fou exchange _ 


The magnitude of the contribution tn papers to this section bore 


3 A, Materova, Cand, Chem. Sc, an¢ V. L Pazamonova, Cand, Chem, Sci, 


3 
: 
: 
- 


of Am'‘ro Ac'ds by prexcharge Adso- in Columes of Synthetic Resics® S, Beals, Cart, Tech, 
(Suga> Pesearch ‘nstitute) “Applicat‘on of toaties in the ‘Sagar Indusvy*.-M, Ya, Roimarkevich, Cand, Tech, 
(inst, Org. Chem., UarSSR Acad, Sct) "Pa: Purification of Sugat juices by Cationites*; ltenbetg, 
Cand, Tech Sct, (Novostbi:sk Piasites Factory) "Experience Gained in the Ur of an Industrial Plant for the 
Demincral ization of Wate: with lonexchange Resins®; Lyubin, Cand, Tech, Sci, (All-union Research» 
Institute for the Hydcol ysis Industry) “Application of Organic lonites in the Hydrolys's Incustry*, a number 
of papers were dzvored to the application of fon exchange materials in fine cheinical technology ard in 

the medicinal industry, also to the technical perfection of the chromatogcaph'c procesa, I. its resolutions 
the Session pointed out the need for incre as‘ng the range of commercial ion-exchange insterials and for 


seducing thetr cost, this widenirg the Meld of application of lon'tes; the S sion pow Out also the 
desabuity of developing standard fon exchange apparatus, 


Concrete resolutloas were passed on al} of the questions considered, These polated out the direction 
that must be takea tn the furthe: development of the study and application of ton-excharge processes and fon- 
exchange chromatogaphy. In {ts general recommendations the Session emphas'zed the need for setung up a com- 
mittce on chromatography attached to the USSR Academy of Sciences, for tralaing seclalist teams for work oa 
fon exchange and chromstogsa phy tn the higher eduction esteblishineats for the study of chemisry, and for the 
systematic publication of work in journals, collectiors of articies, and mondg:aphs. 


The overburcentrg of the agenda with papers.and the absence of sections] meetings reduced the po.sibiliry 
of holding a wide discu:s‘oa, avd th’s was one of the main faults tn the organization of the Sesion. Note shoud 


be taken also of the tnaffic'ently wide rousicarion of workers in institutes and industy of the convening of the 
session and of the nature of {ts prog-am, 


JOINT SCIENTIFIC SESSION OF THE DIVIS‘ON OF CHEMICAL SCIENCES OF THE USSR 


ACADEMY OF SC’ENCES AND THE ACADEMY OF SCIENCES OF THE UZBEK. SSR 


On October 2 


4-29, a Visiting Sc tentific Session of the Division of Chem ‘ca! Sctences of the USSR 
Academy of Sc 


Sc ences was held tn Tashkent joiauy with the UzbekSSR Academy of Sciences 


The Session assembled the atmosphere creaied by the new powerful upl ‘ft exper’enced by the Soviet 
people Soth pilutcally and with respect to poduction, as a result of the appeazance of Co:nzace Salin's great 
work “Ecorcin!e Problems of S<iali_nr in the USSR® and the resolutiors passed by the Nineteenth Corg-ess of the 
Communt.s Party of the Soviet Union, Tie main problems before the Session were the coordination of inve stiga- 
tions of workers on chemical questions connected with solutionc! scientific ard economtec prablems of tmmed ate 
Unportarce far Uzbek: aan and the cons‘derat‘on of the present-state and possible further deveiopunent of these tn- 
ves'gations, Cons'de-adle attention was devoicd to the problem, very important for the nat‘ora) cconomy of 
Uzbekisan and of the whole Soviet Uniun, of the growing of-cotton. During the Session, therefore, special confe= 


ences were held on the cheinistry of mineral feriizers_and on the chemistry and physical chemistry of the cottoa 
fiber. ; 


Considerable tmportasce was attached personal concacts between scientists, and was made 
in this direction in the course of the inspection of the 1s: ratorles of the Insitute of Chemistry of the Uzbek SSR. 
Academy « of Sciences, which was cartied cut on the the o,eninag day of the Session, Joint dt scussions began oa 
concrete questions comm. ted with¢ ‘thinental problems facing the chemiss of Uzbekutan, 


The meeting of the pint Scientific Sesston took place on Oc tober 2th in the Sve:dlov Hall, 
Participants in the mectings of the session were members of the Division of Chemical Sciences of the USSR Academy 
of Sciences, sclentific workers of the of Chemistry and other sctenttfle of the UzhekSsR 
Academy of Sciences, of the Cenial Astan State Un'versity, of the Tashkent Polytechnical Institute, of the Uzbek 
Ag:icultural Inst‘tute, of the Tashkent Textile Inuutute, oad of the Cotton Rewarch irs: tute, Sid teprescntatives 
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acd fs 


of gitesh geetly Che sulfate stediiity of cement, 


¢ 


Tre Session wasopened by T. peadest of te Uzhek SSR Agiery of the 


Pacts ports om bedsif of ef the acadergy of Sciences and the of the Uzbek SSR 


T. Z. Zavsidov wid that Sesso7 heralded a rew tre of yet clsse: and creative 
(gone of cheinists and of the ‘sd.ary with othe: scleatiss of ov great 


Viseric ovicb great work Problems of Soctal'sn the USAR, the resol.- 
of the Nine renth Cong css of the Pasty of be Soviet acd ihe speechof Com-ade Sial 


the Scseteerth Paty Congress drected to us Sevier teese the lodestar ‘= jo 


of Se agent podiers of communism ards 
42 of tte fo-darer‘al probiems T.Z chat be 
wis tice thet the present Sessiom would s.bject wok of the clemiss to ecalys’s by rears of 
sive ge of opinions ard canstuctive critictun, that ft would tha way the witel podlems 
sc tectiss, and would pave the way for 2 the of the cherry of 
development of ganic, o gals. and peysical clemisty. T. 2 e-ded hts 


speech Sy poposirg a boro: of the beace: of peace, the mat of seterce, Vissa: slorewick 


to the soletion. 
the {.-the: poges cf 9a edvarced Soviet xlesce. 


mplause gested the elector a8 ur of the Pesidicm of the of 
the forma of Soviet with geet V, Stalin, leader of the ace mex of 


The chainras at the fost etacty of the Divis'oa ‘a Chem‘ca? Sctex of the 
USSR academy of Sccerces, on betalf cf the pesicipacts fa the Sess‘s> expressed thames 


the of Vzbex SSR As Of Sclewes to tne Frreas of the Divisic> of. $24 


Slecces a-dto te ic fo: the gest are. ct of “yo wey Ae: 
of the presett Sessioz he expressed his of the of tre Session 

Tre cori Sessto. wis place year thst hed 
estes sf sre Sevset 359%, 

arc]e of great work SEco-omi: 
Commria 


a te Life of tte 


Socalisn we USSR’. tre cf the “tretee 
of the Soviet 


Afte~ givirg a brief expositios of the wore Of Honorary Salty ard of the directives of the 
the gowth of of the mest cherica! products the 

tases alloted to Soviet sctertiss the report dered by Ceomrede “ts develop 
aéva-ced Soviet scre~ce with the object of occ. py!-g the first place world xie=ce: to disct the efforts of 
to the moe rapid sciction of the t-veives the utilizetio~ of tre tus cesources 
SO. acd to ste-gther the Of sc'e~ce with tra: thls coopes- 
evrictes scterce with expe-ie-ce f-om practice helps pric tical wo. solve thei: problems 
and he expressed his that Soviet chem'!¢s wo.)d cacy out with howor the tusks 
se-ted by rac cf the MLreteezth Cong-ess of the Comuxs 


- 


Toe pape: to be bea wis that of LS Card, on the s.bject of *¥yd-o- 


tecestcal Cemeris The speake- desctibea tnves-igatiors ov. (gizezh) 
asd 


Buck’ “clays, whisk were 


fo.-d to be te most s:ttable Additions the cf 


to obs iz sulfate sable cements bosed on Poja-d cen and 


Tne pozzolaatc Portland cement having 30% of g)!ezh which ts poduced a present ty altro.gh it 
bss a water_acd syifate-stabiity than Po:clacd cement, ts rot as good as s_tiate stubte 
prepared with. additions Of t!polite, Tre speake> had set himself the task of inc: the s. Tate 


of Portacd cérent by changirg the inl-eralogical compos!tion of the ceme-t ‘Ceme~"s have 
de> matcfectct g conditions that satisfy We requbements for sha atity. avd 


{rg o of On the bass clcemc elt ker. was rot s.bject srifate ag bas bees 


Tendesed to the th of the Party on the of the Certal Tommmttice of the 
Ail Comm Paty (to slew *Pasde® Fess p: 62, 
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Two evens of asiicisied this hissric year: the topea>- 


. 


of the coz stiuctors of the Main Te-kman Canal for us indiffe-eat zones of the canal. 


Local locss-like subsll clays are of considerable interest for the preparation of hydrotechnical cements. 
these, on being roasted in the range 65C-750°, acquize hydraulic properties, Loess cement hardens better in 
sulfate solutions than in fresh water, The low stability of loess cement to the atmosprere, which Is che result 
of the deleterious action of atmospheric carbon aioride, may be eliminated by additions of Pomland cement. ~ 
Loess cement of grade *°250* has been app:oved for hydrotechnical constructioa a'.d Is to be recommended as 
a bigh-quality hyd: rotechnica) cement. kt has been established that synthetic cemerts consisting of various 


proportions of calcium monoaluminate ard calcium orthosilicate ase very to the agicasive action 
sul fate- and eslunrcontaining waters 3 


Academicians M. M, Dubinin and S. L Volfkovich and Com, Memb, USSR Acad. Sct, V. LSpitsyn took part 
in the diseussfog Of this paper. They pointed out that hyd:otechnical cements were of goeat impotacce for the 
Central Asian Rep_bdlics, in which of the greatest works of cominanisn ~the constuction. of the Mair Tu 
Canal ~was being catied out, The utilization of local materials thay would Linprove the quality of te cement was 
of great practical importance, Hopes were expressed that trlals would be made of the effects of additions of sur= 
face-active s:bstances at particular stages of the setting and harfeatng of cement, 


Academic {as §.L Volfkovich in bis paper "Questions of the Chemistry and Techology of Minetal 
Fertilizers in Centra] fremathed that the .chesnization of agricv}ture presented chemistry, techrclogy, 


and agroche with Immediaie probleins in the planed study of the optimum condiiions for the application 


of mirer2i and ogaric fenilizers under the actual condidons of Central Asta and in the stidy also of the most 
sultable means of poduct'on, having regard for the raw-material and energy resources and the present-day progress © 
in agoblology, The speaker chied data on the effectiveness of one ton of 


nuuitive elesrernts in diffezent 
tilize ts for different types ofils and crops 


The prese-ce of sources of phosphates, slfur, sulfide ores, potassium ard other salts, water powet, and 
fuei in the Cenral Asian Ke publics, together with a large demand {oz TexiPzers of high efficlency, maxes the 
problem of the fu-the: developme ar here of the m37 facture of mineral fertilizers, those providing 
pkosphorovs ard mitrogen, a very ui ger and important one, 

Ir fs essential] not only to extend the manufactize of wperphosphate, but also to sudcy and to sabi into nse 
methods of improving the physical p-operties of superphosphaies, increasing the P,Q, content, and eliminating the 


Celete-lovs effect of mag-eslum cofmpouzas on the p-ocess, Above all, it is essential to find an effective solution 


of the difficult problem of ewichicg phosptiorites and to become familiar with processes for the am-roziation of 
Supe-phosphate ard {ts ganulation, Ry the ainmmociation of supe: phosphate by means of is possible 


to obtain phosphorous ~nitrogen fertilizer containi-g reoportions of rutritive to those fe: 
the main pre-sowing application, 


It fs posible to obtain another concertrated fertilizer “precipitate” (dicaletem phosphate), 


in a cicate soluble Technically pure dicaicuum phosphate 1s of great interest as a very ef- 
fective fodde: medium for the ratsing of livestoca, 


A process that fs economical and shows great promise is cut fo: the preparation of *precipttate® with the 
simultaneous production of calcium or ammon‘ym nitrate by means of a complex process for the decomposition of 


phosphates with acid, In process, ati the raw material fs utilized, In the USSR a rumbe: of Livestigators - 


have developed manufacturing processes for the nitric acid treatment of phosphates not only with the separate p-e- 


paration of dicalcium phosphate and caletum nitrate, bui also with the formation dizectly of double (~trrogen- 
phosphorous) or uiple fertilizers, 


Owing to the development of hydroelectic power, the establishment of an electotherral process for the 
production of phosphoric acid and its salts (for concentrated fertilizers and feeding media) is° of ¢ eat interest 
for the future, In the paper, other thermal and thesnal alkaline methods for the teatmect of phosphates were 


discussed, Amorg nitrogenous fertilizers the most satisfactory appeased to be ammonium nitrate, Calciim cyanamide 


ts not orly a feztWize:, but also, ft has been shown a defoliant for the cotton plant; it has herbicidal 
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properties, it is posible that the quesucn of its manufacture in twe necessary quantities requires further examination, 


The extension af the manufagwe of urea and of its application in agriculture is determined by the economics of 
production. Potash fertdizers may be suitably applied in Central Asia in the form of conceatrated salts: the chicride 
and a.lfate, and in the future, possibly, also the nitrate. # desfteble thas part of the fertilizcis should be applied 
as manure mixtures, a suitable component for which is “precipitate” (dicalcium phosphate). The implementation 
of the directives of the Ninezoenth Congress of the Communist Party of the Sovict Union regarding the fertilizer 


industry in the Fifth Five-Year Pian presents the with geat and urgent theoretical and 
Practical problagre 


Academician Volfhovich’ $ paper considerable interest tn those present atthe Sesston: ‘te had 
raised a number of quezwong The following tock part in the discussion of this paper: M. N. Nablev, Caed, Tech, 


Set, Cor, Acad. Sci USSR AF Kapusiinsky, Acaécmictar MM. Dubinin Active Memb, 
Acad. UzdekSSR Sadyhov, 


The second mecting of the joint Seision under the Chairmanship Rod tonov init 
Ya. Yesusov, vice-pesisert of the UrbekSSR Academy of Sciences took place on 25th October at the House of 
Scierts:s The first pape: of the meeting was given by Active Memb.’ UzbekSSR Accdemy of Sciences, He dis- 


CUS the tte of stfzatfons ef the lent. of Centra Atta and of ther albatoid:s these were cer. 


caried out in the Alkaloid Chemisty Laboratory of the Institute of Chemistry of the UzbekSSR Academy of Se 
Sciences. Sirce the was esublished, about 3000 species of plants have been analfacd, and 
Bumber of very valuable alaaloiddearinggecies as been found, The contents and alw the quantitative 


and qualitative changes of the alkaloids tn different parts of planis have been sudtes etch respect to their 


on the comitions of g-owth and the vegetation periods ht has been found wot the green pat of 
alkalo.d tearing Pianta (males and leases) comalsthe mimum amou of alkaloids tefax flowcring and 
fraitDearing: in the pacts and the bark the a:nount of alkaloids becorfa:s less this me.. 
In dry crass and leaves after the vesetatwon period there remains a very anal] a:nownt aligloids, and this 
Passes td .ne underground part and to the and tn the case of woody pleuts ~to the backs 


The teager of the paper and his cowxkers have isolated Than 35 new “the of 


five of thea: have been caomitetely posed. tha rhe stmuicurres ard the 


“Tha following took part in the ducuston af this paper: Acade tians Ralionoy, MM end 


USSR 5 A Ardazov, Prof. G. Menshikov, awd atten, they all ex 
Presad high of these investigations and poinzed out the conectness of Ue of work “the refating 


of the sca:ch for‘alkaloids with the srowth of the plant — and they poinied out the great tpreticel and 
Mactical siguificance of these investigations 


Active Memb. Acad, Sci. UzbekSSR A S. seine gave a paper on results of investigstions on the chemistry 
of the alkaloids of anabasis, Ina discussion of work by A ® Orekhov and S.P. Menshikov in this field, the speaker 
Teported the results of of the transformation prodacts of anabasine and eccoirpanyiry alhalotds ob- 
tained fom anabass, which wer camled ort in a laboratory under his direction at the Insilu.te of Chemistry of the 
Uzbek SSR Academy of Spiecors. The speaker has succeeded in deve!oping a number of methods that ensble4 
anabasine ancdyluninine to be prepared in appreciable armount and in adeqzate purity, The oxidation of anabasine 


ae its Cerivatives and of a mixture of anabasine and lupinine has ween carricd out with different — 
agents, ard the course of the ex!atise reaction has been elucidated, 


The spitting of anahawne at a C-C bond by the aid of aluminum chloride ot edi isan interesting reaction, 
A detailed study of this reaction with anabaune and other alkaloids (nicotine, salsolidive) enabled a mechanism to 
be propoaé far Salfonation of anabasine with pytidine —.ajliur trioxide in eidlsric acid under various 
conditions indicated that the aecondary nitrogen asa differen: character in piperidine than in anabusle, Various 
sulfonation pruducts of anabasing and its derivatives have been obtained and characterla-¢, The of 
acrylonitrile with anabasine hae sts con tutied. For the cyanocthylation of anabasine, the effect of water on 
the rate of the reaction has been dctermincd; the results by the speaker by the partial formation 
of the ammonium baw, which isa catalyst. A wide study has been made of the amination of anabasine and 
its Cerivatives Acetyl of asuinoanabasines have been for pharmacological study, 
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In addition two the sudy of the chem!sty ef arabas're, the alkalo!ds that accompiry 2nabasine are 


being inves'gated, Various derivatives of lupieire have been synthesized, Methods have been developed 


for the isolation of individual alkaloids f:orn a mixture of the bases, A study Is being made of the dgrsgess *. 
spliting afilline and afllidine with sodainide, 


The [cllowing took part in the discussion of this paper: V.M. Rodionoy and 
Dubinin, Com. Memb, Acad, Sci. USSR Nikitin, Prof. G.P. Menshikow, acd others; they al] expressed 
high appreciation of the inveaigations on ababasine, Participants the discussion remarked that the 
begun by Orekhov and G.P, Menshikov had found worthy continuato:s in the Institute of of 


the UzbekSSR Acad¢my of Sciences Much that was of interest from the peepacative point of wiser been 
done, 


In paper, V.ML Rodionov gave a review of th state of the lovestigation of the 
chemistry of alkaloids and he gave aa accaunt of the Lminediate p:oblems fn this fleld in the further study 
of our alkaloid-beazing flora, A review was given of che discovery of plant bass (imorphine, quinine. cincho- . 
nine, md cocaine) at the deginaing of the pincteenth century and of the study of thet: preperties and structures: 
the significance of these investigations for the development of theoretucal and preparative organic chemistry 
was discussed. The first attempts at approich to the synthe ss of mor,hine and quinine led to the synthesis 
of many impatart compounds, The study of the properties of quinine and of the accompacyirg alkaloids 
frum circhora bark were of no less significance fu: the developer: of the chemistry of heterocyclic 
pounds, The of opium ied to the creatioa of the chemistry of Isoquinolire, The first 
unsuccessful attempts to sytthesize quirtre led to the discovery of sytthetic dyes and the p-epazation of re- 
markable medicinals of the pyrazolone series . antipyzine, pyramidore, analgin ard others, Iivestigations in | 
search of substitutes for morphine were very successful and yiclied several preparations of pharmaceutical 


value (deinorol, Soviet promedol, which are superior te morphine in sedative properties, and o:hers). Similar. 
results were cht aincd also in the investigation of cocaine aad other alkalo-ds 


The mata signif.casce of alhalold che:nlstry condats in the fact that tr leads to a study of 
heterocycle compourds ard to the syotheses of new subdstarces that are valuable in theoretical, biological and 
tactical respects, Much remains this field, However, that is unsolved or undeveloped, There ts no generally 
accepied view on the functional role of alkiloids tn the life of plants, and the siguifica’ce of the vegetational _ 
periad for the formation of alxalofds in plarts is nox fully established, These investigations, which may have alse 


results of practical value, de:macd much ation between chemics and biologiss botanists and 
physfologias). 


Insufficteat atent'on has been given to the therough study of the active principles of alkalo:d bea-ing 
Plants, In most cases Orly the slkaloids themeelves are studicd. to the neglect of the o-garic acids with which 
the alkaloids are bound. is difficult to believe that the acia part is withcut biological sigiificarce, Much 
more atention must be given to the study of the complexes formed, Apart from thes tmmediate problems, lt 
is very important to elucidate the factors dctevinining the formation of alkaloids in piants and to solve certals 
other problems closely aswx« lated with the physiology of plants, Much work remains to be done al-o on the Sether 
study of Our alkaloidtearing More, 
The paper prompted a large number of que sions and other contributions: amorg those taking part were 
Academician M.M, Dubirin, Active Members Acad, Sci, UzbekSSR Yu, Yunusov and Sadykov, Cor, Memb, 


Acad, Sci, USSRLN. Nazarov, Corr. Menib, Acad, Sch Uzbekssr I P, Teukervantk, Prof, G. P. Menshihov, 


The third, and final, meetiig of the Joint Scientific Session was held under caelaenii of Coz. Memb, 
Acad, Sci, USSRB.A, Arbuzov and of Active Vemb, Acad. Sel, Uzbek SSR A, & Sadykov on 26th October at tie 
House of Sctentiss, In opening the firal meeting, Academician - Secretary of the Division of Chemical Sciences 
of the USSR Acadeiny of Sciences MLM. Dubinin gave the sad news of the death of the eminent Sovict P.ysical 
chemi Academician Aleksandrovich Kistyakovsky, The well known ard brilliant fevestigations of 
Vladimir Kistyakovaky played a great part in their time in the development of Soviet electrochem- 
istry and theory of corrosion, Those present at the weereing paid honor to the memory of V, A. Kistyahovshy 


by standing 
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The frat wks by Memd, Aca. UsbekSSR LPL Tsukervanik on °The Peacticns of Acetyicce 


with Atomatic Com which t-vestigatioas described that were based of material relatir 
"alkylation ef the w ‘th bifunctional compounds 


to the 


win it has been established that additicn of Fecly ard certain othe; substanceto AlCl, 

results ta at it the rejative yicid of low-doding fractions, which contairy in this case, styrene (up to 15% of 
total yield of bas been shown that condensation may occa: in the direction of the eq ation 
CH=CH == which ts contiary to ideas derived from previous (Investigations of the 
of the fo-rausuel somatic vinyl compounds in this ways ways of conditions for the prodsctioa- 
of bighe. yields of wiayl com poerds can row be indicated, ; 


A bas Men mace of the condensation of dtmethylanilice with vinyl chloride. and 
acetic achyd-sde presesce of AICI, and othe: catalys's, The conditions have been fo.nd for the preparation of 
erylerteace about yield, The nature of ancialous reaction polucts hes elucidared: 
they are bases of a:4 t4- piecylrethane dyes 


The pevioudy and therefore si.died, 1, l-diarylethanes are of cons:de-able interest as 
matertets fo: of them can be utilized directly (as components of lubricating ils, 
etc.) A s.dy bas bees mie of the chloriratior, altration, snd silfa-ation of d'phenylethare end 
oue: sbsacced of Sisseres. The ritration products ave analogs of well krow: tosectic:des 
tne DDT prcpes. ace row being studied Ln detail, 


acd Dubinin , Active Memb, Acad, Sch, UzbexSSR §, Ye Yuassov, 
Members Acad, Nazacov, RA. Arbuzov, A, D, Petrov, amd others joived in the discussion, 


Nerd. Acad. USSRLN. Nazacov In his paper “The Synthesis of Sedatives” gave a 0 cw 
the presen: state of ‘avest'gatiszs the synthesis of sedatives and pointed ou: that until recently the only prepaation 
Eaving a scdative wis one of the first organic compourds tsolated in a pure form (at the 


of the 2h a-d t= med! seize; he the work carr'ed out urder his supervision on te 
sy-thens of sew sedat.-es 


The of sodatives fs large_y equivalent to the development of imple ait accessible 
methods pepai-s An scp forward tn invesiigatiors on the syn thests of sedatives was 
proviled by carzied out unde: the speakers’ supervision, on the dewsing of simple methods 
fo pepari-g from acetylene, The principal zeactions in these 
Lives were of netores with Bbuten-3-yre, The next stag: tr the synthesis of sedatives ts the 
trtrod place afthe carboxyl radical of the 4-piperidone, of a phenyl radical and anetker The 
problem i< tre of these corpo.rds ts the esterification of 4pheayl-~+ pipecidiao’ to give esters of 

ac'ds, syzthestzed by the speaker have been thoroughly investigated with respect to thet: 
phystolog‘cal activity the supervision of Prof. Mashkovsky, 


These fonn a: important sage t. the of the sry of sedatives, fo: these com pourds 
when the ove: al we cozs‘zeced, ae superior to a) l such preparations at present (morpitne 
lydoi, cic.) They hgve a compacatively low toxicuy cambired with a high scdative activity, about thee 
times as great as that of movpatce, without baving many of the deletet!ous properties of the latter (hab4t formirg asd 
omer accompaty g eNects), which is a very important advantage, la promedul medic tne bas a1 original Sov:et 
preparation kavirg activity acd a wide fleld of application, Promedol 1s not the last word sy-thettc orgavie 
mm the Lture the of new substances having propertics may be «expected, 


—_ 


M,-M. Dubuun, Active Members Acad, Sci Uzbek SSRALS a:4 


S, Ya, Sunuswv, Merb. Acad ScL USSRB. A, Arbuzov, Corr, Memb. Acad, UzbekSsk L 
and others took pat & the discus!on oa this mpe: : 


Kh, U. Card, Chem. hls paper Physlocochemtcal Inve sttyations of tl the Cote 
Gave the results of the systematic inveatgations of cotion fibers fom a large nuimbe: of selection varieties, obtat-ed 
the Natural Laboratory of the Institue of Chemistry of the UzbekSsR Academy of Sciences ard othe: 


| 


stacces, the C:fference in 


shown a great difference tre behivice of this g-o:p of At high tre 


Insiitutes of the UzbekSSR Academy of Sciences 


On the basis of the results obtaled ard the re salts of over 
fave stigarcrs 


of the cottoa fibe:, the speaker came to the following conclusions: 


The {Llers of dificrent election varieties have differing chemical compositions, This difference Is 
found for a!! the principal substances present ia the fiber, The composition depends greatly on the degree of 
maturity, The deg-ee of of. cclluiese varies indifferent varieties and increases with 
maturity, is with the ripening period of the given variety of cotton plant 


The sa:ption properties of purified cotton fibers, while varying very littc one variety to Set, de- 
perd g-catly on the degree of maturity, The sorptive. capacity of the fider falls with inczeasing mat city, the cate 
of fall beirg different for differert varieties, acd beizg associated also with the ripening pefiods of Cese varieties 
Sorpuos a-d of water by the fiber Is slow; thls indicates the destrability of const .cting cottot 
driers of the laye: type. 

‘The relation between the of the fiber ard maturity ts cifferert for different varieties The 
for the depe-dence of deformation of cotton fibers on thei: moisture context fs of an Sform, ard tle inTection of te 
deformation curve for all cellulose fibers corresponds, in gencral, ts the same relative humid! ty. 


The following took part in the discussion of this parce: Academician M M Dubinin, Active Memd, Acad Sci. 
UzbekSsr A, > Sadykov and S$. Ya. Yurusv, Corr, Mernbers Acad. Sci, USSR N. L Nikitin and V. A, Kacgit, P. L Z-bov, 
Doc. SL, V. & Iwarov, Doc, Sci, Prof. G. D. Vovche=xo, Scje-1ific Oifice:s A. S and LL V. Srciica, and 


The fia] pape: of the third meeting of the Session 


was given by Cor, Memb, Acad. Sci, USSR V. A, Kargis 
the mecharism of the deformatioa of crysallice 


The speaker pointed out that in the deformation of amorphous polymers al! the properties of the material 
charge continously andthe polyrrer gradvally passes from Its originally form an anlsozropic, highly 
oriented thiead. The of crystallite polymess has beens ega'ded I> the same way as that of amorzhous 

their of solid particles —small crystals af the polymet~-whie> 


oi 
Jers. of the mechar ical propertiss of sich eryzallize polymers as polya:nide:, 


polyethy'e*e, gutta pe 

of these proceeds rot ously, bt by a jemp —a change of the Isotopic material dectly into 

a highly oriexted thoead, 


On the basi: of an izvestigatio- of in at high defecation it tas been scggesed that the 
deforrration of crystalline polymers occurs hy means of a piace tracsformatio~ of the polyrrer crysiats. Those ccysals 


Oriexted or at a large to the direction of the fo:ce are b-oken down, ard at the sare time 
crystals orie-ted in the dizectior of the fozce aze formed, 


The hypothes!s that hizh deformations of e-ysaliice polymers via phase the crystalline pact 
has been dtectly p:oved by a1 X zay st_dy of isotropic avd sietched filirs of polyethelene, It was fo.~d thst 
version of the polyethyle-e to the o-ierted state accompacied by form atio> of acrystaliice modification differizg 
somewhat from the c-ysals iz Isotropic poiyethyle-e. The very mature of the charge texture ducting orterration 


also indicates the disappearance of those cvystals that existed in the isotropic polymer a-d the appeacacce 
new crydals the dtections of the stretching forces. 


The mechanical properties of ctystallire polymers 2re determined ri the pecullavities in and 
prope-ties of the crystailine part, which takes an active part in the éefo- maton p-ocesses of the material. Tie differ 


ence is mechanical pcoperties between crystailie ard amo:ptoxs polymers was shown patticulasly y in the 
case of natural rubber, which car. be obtained In both states at ore and the same temperature, 


Academician Dubinin, Active Mend. Acad, Sc UzbekSSR A. Sadyhov, Doctors of Scierce N. 


Mikhaliov, V. L Ivanov, K. G. Trofimov, B. G, Zaprorretov, and others took part in the discussion of this paper, 


The participants of the Session agreed with g:cat enthuslasm to send a Jetie: of greetings tol V. Salia 


Apart from meetings of the Session, a ruinte of conferences were held on particular quesiors, with 


detaed examiration of the of work of Uzbek sclentists 
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oe thr, sity «rf Mineral 


“The catfere ce 07 thy chemistry of mineral fertilizers, which place ta the Instingte of Chemistry of 
the Usher SsR Acadeiay of Sclences undes the charmanchip cf ‘Academician S, I, Volfxovich, had two and 
ore laborarery sessions, at which the following papers were heard and discusscu: 


-*@ysicoche nical Analyus of Process for the Niuic dcid Treatment of Phosphates® by Academician 
s L Volfkovich: “Some Beasts ofthe Wark of the Fertilizer Laboratory of the Institute of Chemistry of the ‘izbekSSR 
Acacemy of Se tences* by MN. Nadlev, Cand, Tech. "Phase Distribution of Fluorine Compounds in the Decom=- 
poston of Phosphorte Raw Materla) with Nivic Acid® by Junior &lertific Worker R A. Ablyszina; *Nitic-acid 
Decomposition of Kara tau Brosphorites, with Precipitation of Caldium by Sodium Sulfate® by F, M, Mirzaev, teacher 
in the Faculty 0: Chemical Techwolpay the Central Aslan Ped sgngioal Institute; ragrechemical Requisements in 
Phosphorus and Nitrogen Bertdwess® dy B. P, Machigin, Cand, Agric. S&L 


About sixty people tack bait tn the conference; they incipded Ministry repeesentatives, and workers from 
ferutizer factories, fom a number of inzuuies of the UzbckSSR of Sciences, from the Samoilov Scientific 


Institue of Fertulizers, Insecticides, and Fungicides, and from the Cotton Research Institute of the USSR Ministry of 


Cozon Growing, 


Many of thom presect took an active pam in the extensive @fscussion that the papers provoked; they included 
aot chemiss and technolog'sts, but also biologists, geologisis, and agronomists, and it was possible, therefore, to 
€xamine thoroughly all aspects of questions concerning the desirable range of fertilizers that should be available and 
to coordinate several techwlagical quetions wlth the raw-material resources of Central Asia, 

The conference roted that the fulfilment of the directives of the Nineteenth” Congress of the Censmunist Party 
of he Soviet Union (which < contemplated sa-incsease of 85% in mineral ferulizers in 1955, as compared with 1950, 

acd he building of fertilizer tn of immediate sequirements in order 10 ensue the necessary 


Geveiopment i production in the succeeding years) must proceed by the improvement and Intensification of manu- 
facturing improvement 


tof the physicochemical properties of fertilizers, and the search for better methods’ * 
of irco-porating fern}izers in the soil; tr must proceed aio by the construction of factories for the praduction of 
rew kinds of tilizers, These meacires are bound to help not only in the producti of the additional amouats of 
mireral required, but also In increasing thels agrochemicai effectiveness, 


The main the me cf the work of the Fertilizer Laboratory of the Institute of Chemistry of the UzbekSSR Acacemy 
of Sciences ts the solution of problems rdating & the impecvemenz cf the physicochemical properties of nitrogen and 
fertilizers ard tu increaw of the resources of these Jertilizers by the altric-acid treatment of phosphorite 
taw material The results of gerlment by the Cotton Research listitueon the destrability of using the siftings 


obta.red $3 the production of granulated raat Me for feeding = soll were noted as being of — value 
for the technolsgy of fertilizers, 


In oer to fird out more about thé agrechemical value of freshly peecipitated wicalcium phosphate, as a % 
pros ict Of the nitic acid treatment of phosphates, it is planned to camy out culture and field experiments with 
phospnates of this kind, both alove and alw in admixture with ammoniuas nitrate, on the saline solls of Cenual 
Asia, I was recognized that wack mua cootimue on the desirable ratios of active fertilizer components (RO; snd 
K,C ta complex and mixed fertilisers and the way they depend on the period of growth of the cotten plant E was 
recor mended that work shoul te tntenified in the search for new defoliants for the cotton plant which could be pre- 

paced readily avallable that ere less toxic for animals than those used at present, As the application of 
feeding of fo:n fs Of mich tmportance, ft Is deslzable to work On the preparation of dry concentrated 
feritzers (ammontated double superphosphate), and also of the core sponding lutions, was considered that a dix 


,€Uss'02 was Cesuwable, at a separate conference, of the problems ‘and future prospects of the utilization of Centra) Aslan 
salt resources. 


Cc 


onference on the Chemistry and Chemistry of Cotton 


The en the chemisuy and physical chemistry of cotton, which took place’ in the House of Scientists 


wader the of Coz, Memb. Acad. fel USSRV, A. had thiee sess'ons, at which th following 
papers were read and discussed: 


“Some Pescntday Probus in the of the Smucture of Cellulos* by V. L Wwanev, Doc, Tech. Scl.3 
“Modern Methods for the Chemical Invest{zactan of the Fine Molecular Sructwe of Cotton Cellulose® by ED. 
Doe Chem. Ovea on the Physical Ch emlstry of the Cotton Fiber at Different 
cf Growth® by Kh. U. Usmanov, Cand Chem, "Dependence of the Technological Progerties of the 


Co: Fader thee bhaturgy of the by Ub K. Alekcandiov, Gand. Tech, "Maln Brsults ang Future Prospects 


¥ 


of Investigatioas of Selection Varicties of Cotton” by V. V. Laikov, Cand, Tech. Sct. 


About seventy sclent‘fic workers and speclaiists in the fields of agroblocheim{ary, sleutionand the 
technology of the primary proce ssting of cotton took active part in the work of the conference, they Included 
representatives of the Institute of Chemistry of the UzbekSSR Academy of Sciences, the Insitute of Agriculture. 
of the UzbeksSk Academy of Sciences, the Institute of Organic Chemisty of the USSR Academy of Sciences, 
the Central Research Institute of the Cotton Industry, the Cotton Research Institute, the Central Asian Sate 
University, the Institute of Physical Techrobgy of the UzbekSSR Academy of Sciences, the Tashaent Textile 
Institute, and other scientific institutions snd sclection stations of Uzbehistan and Tadzhikizan. 


In the papers of V, L Ivanov and E, D, Kaverzneva new data were given concerning the chemical 
heterogencity of the molecular structure of cellulox, and it was suggested that these phenomena are connected 


with processes of formation of cellulose in plants and have a a bearing on the — treatment of the cotton 
fiber, 


In the papers of Kh, VJ, M. K, Aleksandrov, and ¥. Latkov, were. conceming 
the changes in the structure and chemical and technological properties of the cotton fiber during the growth of 
she plant, the most interesting belng those relating the length, flacness, srengih, and sw: prive power of the - 


cotton fiber, and the molecular weight of the cellulose it contains, to the degree of maturity of the cotton, - 


For a number of these very lm portant technical propertics of the cotton fidér an opumum has been 
established in the course of thei: charges duri-g ripening, and these relations have not yet been fully ex- 
plained and tsken into accoyat In the theory ard practice ef selection and cultivation of cotton, Moreover, 


these relations Indicate new ways and posi bilities, enabling still greater control over the ewoletion of the cotton 
‘plant with the object of increasing sill more the efficiency of its production, 


In the discusi!on on these papers, in which chemiss, blochemiss,technologias and selection experts t90k 
part, the desire was expressed that further, more concrete, ¢ pplication of the data on the chemical hetenogenelty of 


the celluiose molecule should be made to the problems of the chemisry of cotton tn the cous of growth, with 
the object of discovering methods for controlling it, Furthermore, attention was drawn to the faci that the time 
was now ripe for the scientific inziturs of Uzbekistan to uche new problems on the purification of taw cotton, 
making use recent sdvances in cellulose chmistry, and to.contirue investizations on the conzolled oxidation 
of the substances accompanying cellulose in the cotton fiber, which might lead In the future to the creation of 
more rational methods of purifying raw cotton and so to aa Improvement in the teatment of coos in the 
textile industry and to the production of cotton goods of improved quality. 


There were detailed discussions of many concrete questions of the theory and practice of cozton production 
related to the mechanism of the appearance and improveinent in the cours of tiperisg of technically importact 
chemical and physicomechacal p:operties of the fiber, 


At the same time, attertion was devoted to long term 
research in this field and ala to the methods of conducting teAm investigations directed to the acqutrlng of 


more exact information on the laws relating the preper ies of cotton to the conditions of growth. Emphasis was 


laid on the need for the development of rapid chemical and physicochemical methods for following the ripening 
of the cotton fiber throughout Its period of growth, 


It was noted that this conference: was the first general scientific conference of chemins am specialias ia 


the chemiary and physics of cotton cellulose, and it was emphasized that similar conferences were necessary in 


3. Con 


Conference en nee cn Alkaloid es 


The conference on alkaloid chemistry was held In the ssnall conference hall of the Presidtum of the 
UzbekSsR Academy of Sciences uncer the chairmanship of Academician V. M, Rodionov, There were three 
sessions, at which 14 original papers were reat on alkaloid chemistry: 


“Alkaloids of the “1-Methylpyrrolizidine Scries* by G, P. Menshikov. Doc. Chem, Scl; “Alkaloids of 
Colchicui™ by V. V. Kisclev, Cand, Cheim, Sci.; “Investigation of Alkaloid bearing Plants of Cer.ual Asia" by 
E. Korotkova, Cand, Bot, Sci; *Sulfonation of Anabasine” by Ovroshchenko, assistant in the Department 
of Plant Chemistry of the Centra) Asian State University; *Cyanethylation of Atabasine™ by E. KK. Timbckova, _ 
undergraduate in the De partment of Plant Chemistry of the Central Asian State University; “lvestigation of the - 
alkaloids of the following: Haplophyllumn (juntor scientific worker G. B, Sidyakira); Acon.tum and Delphinium 


q 
ra 
|_| emistr : 
* 


Cand. Chem, Si); Aconitum 
Thalictrain milnus Poy Cand. Chere. 
statitute of Chen:lsry); 


teliassicum (juntor scientific worker G. “oteinkin): 
Vinca erecta (F, Yo. Yuldashev, undergraduate of the 
Ungerntia Severzow! (Min, A, Abduazgimovy, undergraduate of the Institute of Chemistry); 
Loliam Cuntatim (S-T. Akramov, junior sclentific worker); Thermopsls aiterniflora (Shch, P, PaxwWina, junior 
sclectife worker); Poisonous Weed ofthe Borage Family (N, V. Pickhanova, undergraduate of the institute of 
Chemisty)", and "Lomerteation of Prcadvephedrine into Ephedrine” by D, AL Guatva, junior eclentif{ic worker, 


Abo.t 20 scientific workers of the institutes of the Uzbek SSR Academy of Sciences, the Central Asian 
Sute University, acd otker eclentific organizations of Tashkent took part in the work of the conference, a dhe: 


In a series of investigations cartied out under the direction of G, P, Menzhikov it has beenestablished : 
that the parent sudstance of all alkalolds of the borage family Is the new heterce yt le I-methy{pyrrolicidine, A oa 
rational clasiftcation of alkaloids ofthe series has bee: propos:d. These alkaloids 
can be divided four dexto-hellouidan, and dexvro 
pedohelioviday B bas bec dow that, wher alcohols of the setles are 

oxidized, Lomertzation occurs with formation of two sereotsomerte acids. The speaker considered that the 
role and sigzificance of alkaloids in the of a plant are directly reJated to the structures of the alkaloids 4 
Alkaloids of differing sLuctuces ray play quite d.fferen 2% pacts in the Life of the plant, 


From poisosous weed of the borage family, MV. Pickhanova has Liolated two rew alkaloids: incanize 
they belong to the same 1- series, 


From Colchicum (varlety Mag-! fice nt) V. V. Kiselew has twlated three alhalolds: colchicine, colchamine, 
rd colchicerine. A proof has been given for the svcture of the new alkalold colchamine, at the basis of which 
les the same system as that found te colchicine: differs from colchicine in having methyl incead 
of acetyl on the nitrogen, ard colchamine is theretore decidedly baste in character. It has been established that 
coichicerine ts a molecular compound of colchicine and colchamine, 


EE Korotkove gave @ gereral exposition of the results of investigations of ee Nora a Uzbekistan and 
seighborizg republics with respect to thelr alkaloid tearing characteristics Plarts have been investigatéd at 
various periods of growth, In various vegetative orgars, and in various localities, A containing about 2300 plants, 


of the alxaloid Dearing plants of Central Asla has been drawn up ard ts being prepared for rt Weeds found 
is cereal crops have alw been for thet: bearing characteristics 


O, S, Ovroshchenkeo reported oa ‘the sul fonation of anabasine with s-lfurle acid. 
the course of this work, acid, im which the sulfo group Is ta the pyridine 
nucleus, has been twlated and characterized. At the sarne time methods have beer worked out for the tolation 


Of aradasine an mixture and the colorimetric determination of anabasine in the general 
alkaloid mixtce. 


Kh, Timbexova reported on the reactions of amabdasine with acrylonitrile in various solverts. N'=Propylana- 
dasine has been prepared and characterized, and it has been subjected to various reactions, as a result of which about 
twelve preparations have been sythes!zed and submitted fo: pharmacological examina?! 


nation, G. B, Sidyakina has = 
lsolated two new alxaloids, haploperine and haplophine, from ceztain varieties of Haplophyllum, and has beer 
+ eaabliched that both of thew alkaloids belong to the quinolive group; a structural formula has been proposed for. 
-« haplophine, For one of the varieties a study has been made of the total amount of alkaloids and their approximate ~ 7 
; proportions at various periods of growth. From three varieties of Delphintum, N. K. AbudakhLrova has {slated five new 
| alkaloids and has proved the structures, in part, of three of the alkaloids: delsemine, delsemidine, and ee 
| From one variety of Delphinium, two preparations that can be used as subaitutes for curare have been obtained, re 
. The preparations are undergot ing clinical tests and have been accepted by the Sate Pharmacopeia Council, Work ©. ‘4 
: "has begun on the cetermination of the basic skeleton of the aconite alkaloids, From the serial part of Aconitum ‘ ai 
tellassicun,G, F, Potemkin has twlated two known alkaloids, talatisine and talatisamine, The structural formula 
Of talatisminre bas been made more precise, Investigations are out a view to the determination 
of the structure of the talatisam ine nucleus, 


From minus N,N, hac five new has been established that the 
alkalotds thaitcinine ard thalicmidirs are apo:pline derivatives; the structure of thalicnidur has been proved, ard 

on the basis of a auinber of regularities to be observed In aporphine alkaloids a struct»tal formula has been proposed 
for thalicmhe. From the aerial part of the plant Vinca erecta F, Yu, Yuldashev has iwlated the aikalold minarine, 
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alter-uce, alteratdire, ard Alxaloid No.5, k was shows that alterntse ard alter 


ard from the roots of the placz thee alkaloids, vincaninc, vincanidine, ard Base No, 3, hove been isolated 
ard characterized, It has been with the atd of dehyd-o,eration reactiors that vincarine contains an. 


indole and pyzidtze nucleus, A s. dy Nas been made of the total and relative contents of the alkalolds at» 
diffe:ent periods of gowth. “3% 


Kh, A, Abduszimov has investigated tazetine and two new alkaloids, ungerine and ung“ ricine, Isolated 


from the plant Ungerr.ta Sevezzow!, Structural fozmulas have beea proposed for the two new alkaloid, Bhas 


been established that ungerlac belorgs to the pnenanthridi-e series, The position of the methyleredioxy g:Oup 
in urgertine has beea demonsttated, an investigation of the poisonous cerial Lolium custatum, T. Aksamov 
has Lolated and characterized the rew athatol d loiine Pre inary ind! cate that this alkaloid isa 
pyrrolidine de: ivative, ‘ 


From the seeds of the plart Te: alterniflora, shch. P. Pakudtca has ‘solat ed five bases: cytisine, 
dine are 
dexsation products of cytisine and dichloroetha-e:  alternine Is an ethylenedicytisire, and isa - 
From a number of prepazations have been syntiesizec and sev for 
excimination, The aerial part of the piatt has been with respect to the variation in alkaloid content with 


the period of growth. ir the early pe-iod of gown, the aerial pact of the plant could be used as industrial raw 
matctial for the popacation of cytixre. 


V. M. Guseva has Ceveloped a method for the of prudoephedzine sulfate ta give 


ephedrine tr about yield. A sacch {s row being made fo- a solvent for the sepacarion of ephedrine after the - 


fsomesization, when this {s caczied out under man. facturing conditfons, 


All the papers gave rise to lively discussion, which yielded much of values to the indiana s, who had — 
become qulte convinced that work on alnaisid chemisry in Uzbekistan is p:nceecing very vigoroudy and giving 
wery valuable resulta Those taking part in the discussion emphasized the origtaality of the line of work followed 
in the laboratory directed by Active Memb. UzbekSSR Acad, Sci. S Yu, Yunusv, ard the; 


they peinted, is particular, 
to the tn the dy-amics of the accumulation and formation of alyatoids in plants established by workers 


of this laboratory, Prof. Me-shikoy's pape: was deserving of spectal attentiot: the spester had gwen aa ex- 
positios of his work ove: many years On the atkalolds. he had. giver. a rew classification 
of these compo_nds. ard had made some valuable remarks on the played by aleain‘és tn pians. V_V, 
Kisetev’s paper had made the of tue an-cmces of colchicerine and colchamine periecrtly clear 


The twelve papers by coworkers of Active Members UzbekSSR Acad, Sci. & 
gave a vivid pictite of the Ines of Investigation In the UzbekSs Academy of Sciences, kt shouid be noted that, 


in a comparatively short period of time, E Korotkowsa her team, working ip Yu. Yunusov's laboratory, 
have. tnvestizated about 70% of all the plants of Uzbehisan. ; 


4 4 Conference Organic Syuthests 


The confe-e:ce on organic synthesis took piace in the Faculty of Chemistry of the Cena} Asian State 


University under the chatrrracship of Corr. Atemb. Acad. USSRA. D, Petrov, About elghty persoas took 
in the conference, ard the foliowing papers were read: 


“Hydrogenation of Furfural’ by A. ad B, A. Madcarcikova of the List'nte of Chemis:y of the 


UzbekSSR Academy of of Lower Uzdekistar® by S, D. Gusleskaya of the O-ganic Chemistry 


.Depaztment of the Cearal Asian State University; ‘Cycloaliylation of Aromazic Com:pourds® by N. G. Sido-ova of 


th: same depatmert; *Rad:cal Alkylation of Aromatic Compounds® by E. A. Vdovtsova of the same 
and with by A, V. Grebenysk of the same departinent, 


There were lively discusstons on these papers, in which a aumber of critical eunaiis and practical recom 
mendations were made,” The practical urponarnce of investigations ef furfural was noted, It was noted also that 


the investigations of L P. Tssketvactk's school on alkylation were not only of practical, but also of great theoretical 


interest, sirce they thew Ight on the mecharism of the alkylation process and opened up new ways for the © 


synthegls of biphenyl and bicyclohexane hyd-oc a-bons, which were of interest as model ocarbons in the 


gation of the kerosene eesti of petroleum. 


Yu, Yunueov and A, ‘Sadykov 
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held, ard papers were read by Caz, 
Sol USSR A D, ard 3, A 


com pounds formed by phosphorcss esters with coats meial skis: ¢) Of te anc ication cf physssi methods” 
to the of 


Memd. Acad, Sch USSR ALE Xap. strchy read 2 paper at the Say Urivecstty erzizied 
"Aral: 
of examples, the effect of the high pre: 


che of the the “metsliic 
was expiatred from the point of view of the y awd themed er 
was given of the gerezal 30 im mineta'ogy, 
changes Occ tn crystals as the perarure pesine ties, 


Cordizions of tiicates*; ace he read azothe> at tne Chirchth al Combire on tbe 
of Nimogea and 


dA Terenin a tu tne Aslan %obtems of Photae 
chemisgry”. 


PIG D, Your a pape: “The Fatace of ow Advances Soviet Stence Sate 
Universzy® at the to a of werkers> techrojogtsts of the Red Eogine Warks, ard at 
meecing of inielllgentsta of 


Ustventy, Academician Dudiain discussed the encrmicus pablems Soviet chéinisny and techwlogy, - 
ard Academictan A, N. Terenin read a Paper On these papers, soembers of the answered : 
quesicas from the audience on martes ar on 


to weakers of the Tashbent chem 


tte confe. gree cogl acd pee chertinry, which tok Place th 
“Ine Scademy of Sclences ude: the ef Cor. 


2 of Chemiszy oft. 


Merb, Acad Sch USSRA. D Petrov, 
payers by the directars of the petciezm and coal KR, Fodzhacv, Cand, Chem, asd D. T. 


Zadbramaiy, Card, Chem, Sci, relating to the general tesclts of thets Th'rty 


wo:kerscf 
the Instiute of Chemistry of the UzbekSsRr Acacemy of Sclerces acd the the 3 
Asiaa University took pat in the rmeetizg. 


Lz the discussion of the work cf the coal it was potued that secicus sveation must she gives 
to importart of exterding of cat only lon, biz by other, 


Apart from the pagers given at the main meetizgs Sr 
bees of the Division, at the of Saal acd 


of ioterey to scleatisis. ard chemists Tashvecs. 


tne 


ard corfererces, mem- 


On 26 Octabe: ac the Chemistry De parusent of the Certra} Astan Sate University, a meeting of te 
Sectisa of the D. Merdeleevw AD-Unict Cemtcal Sw fety was held, ard papers we 


Azad, Set USA D, dix ussisa of she acr'vistes si A, 
acd h's the Kazaa period, and dtacsed the b-vestg of acd the St, 
period tn D, Petrov devoted spestal Ge Fudlecov xbocl 
with the ald of o-ganozine com A. M_ Burlerov’s 
burg scudest were {2\ ceveloprent of 
chemistry, 


uvts, ard ke gave full review of the 
sacd showed in vivid Bow important thes 


Coz. Memb. Scl A, Atbazov’s pape: devuted a seview of the main Ines of work of 
Acace A, E. Acbuzsv and bis c.deats: £555 Ne synibests of us 5) he compiex 


pritcations of Physical Chemistry 


Gexhemisty aad which be examied, o4 the Le: 


existing in the core cf the cath on the electm exvelove: cf the 
The Seis of the theory of te of the 


theo: 


Academictan Voifxovich read a pore: inthe on the sbject ef “Crys 


Com pours, 


of 


Ava well-attended meetirg for a wide grcle of the .atsta of beld in the Uzbek Sate 


During thei: vidt to Tasbks-t, ine:rhers of the of 


tes Sclerces gaye of 
ical 
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The participants of the visted the tu.nb of Academician L A. Kablskov, who at 
ankent in 1932, 


2: : The participants of the Session visit 
industrial 


d the Millionate collective cotton and a rember of 


CONCLUSION 


Ths Session was a successf.] acd lively one. All membe=s of the Visiring Session of the Division aa Cremical 
Sciences took an active part tn its work, Attertion sho.ld be drawn to the business ike character of the 
and to the inte-ea taken in the work of the Sesslom by sclentific wo-kes of Tashkent and other cities of Uzdehis.a2, acd 
by workers from reign doting tepeblics, The general Session acd the specialia confe-ences went avd ‘ad 


valuable A of the tre was spe-2 it disc-ss'on of the papess, a-d this fo:rred a most val. able part 
of t'e of the Te 


“yee at the meetings was always high: at the first meetirg of tre Sess'on sve 
four bindred we-e present, 


Particular mention mut be made of the meeicg at S=mackand, io which a wide of of 
the city took past: more than seven hucdred were present, 


Moscow and Ler!*g-ad chemists nade the acquatntarce of Uzbekiva:. chemists and visited the chemical 
laboratories of.the sclemific institutes of avd Samarkand. Scleptle coatset was effected wot at te 
meetings of the Session and at the confe-ences, b= also in perso-al conversations acd consJtatloas; etc., which 
were of great valac, This Sessioa has been a great step forward ir the esablishmest of #/11 closer contact between 
the young chemistry of Uzbekis:ac and the cer>al research instirctes of the USSR Academy of Scierces, 


The resolutions passed at the spec tilist conferences, togethe: with the clscussiors of the papers read at the 
meetings of the Session, have created conditions for the attainment of new srccesws in the developmert ef chemistry 
in Uzbekistan, and they are couribcting to the rise {1 the creative activity of scientists that is required for the per- 
formance of the tasks, stated in the resoltions of the of the Communia Party of ths Soviet 
Unica, which are assoctated with the rew powe:fsl cplift tha: ! 


at ts taking place tn the nate al economy of the cou “ry. 
must be consider<d that the main tasks of the Sessica have been siccessfslly carried ovt. 
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GEOMETRIC ACOMENISM AND PROPERTIES OF COMPLEX COMPOUNDA 


ths viow cf c chemist eerptex end therelere seecstored to. 
with tho cenecrt ef ateca, ts differcece ia propsrties leomers follows 


tha of {te with that of ths spitis of ths ile 


Ir ts ta brters tis ts methyl, estiylers, act stems, 


fal chevisr.ca ths bests cf ¢ficets cf atoms the mircs Into the fo 


co of cry effcets. 
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